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INTltODUCnON 

The barite industry of Missouri is more important than that 
of any other state in the United States. Missouri has furnished 
from 60 to 80 per cent of the barite produced in the United 
States for the last few years, and has been an important pro- 
ducer for a much longer period. This production has been 
maintained largely by the southeastern Missouri district, supple- 
mented by a small and sporadic production from the central dis- 
trict. Various papers relating to the deposits have been pub- 
lished from time to time, but their geology has never been worked 
out in detail Since the barite industry is very important and 
shows promise of becoming still more so, a detailed study of the 
geology of the deposits has seemed appropriate. Especial em- 
phasis has been laid upon the mode of occurrence and origin of 
the barite, and any conclusions reached may have an important 
value in estimating the future of the industry. 

The field work was done during the summer of 1916. Most 
of the time spent on the work was given to the southeastern dis- 
trict, as the geology of the central district was known. How- 
ever, the few occurrences of barite there were examined. The 
areal geology was mapped over the larger part of the southeast- 
em, or Washington County district, as it will be called in this 
report, since the deposits are largely confined to Washington 
County. Many citizens of Washington County contributed in- 
formation while the field work was in progress, and the writer 
gratefully acknowledges their aid. He wishes to thank especially 
Mr. W. A. Buddecke, president of the Point Milling and Manu- 
facturing Company, Mineral Point, Missouri ; Mr. H. S. Bowler, 
superintendent of the Point Milling and Manufacturing Com- 
pany ; and Dr. E. K. McKenzie of the Point Milling and Manu- 
facturing Company. Acknowledgment is also made for advice 

(1) 
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tho he states (page 334) that about five years previously ( 1869) 
a man named Turner had a barite mill on the Osage River, about 
half a mile above the Bois Brale River. The product of the mill 
was shipped to St. Louis. ^This would indicate that Broadhead 
knew of the production of barite in Missouri. Bryant* gives the 
date of operation of this mill as 1866. Turner is said to have re- 
ceived $120 per ton for the refined product. He worked the 
mill for fifteen years, and when the price of barite dropped to 
$60 a ton, he sold out and left It appears certain that active 
mining of barite was in progress in the 70's because Missouri is 
credited with a production of 8,000 tons in 1882. Such a large 
production would indicate that the industry had become thoroly 
established by that time. 

Thruout this early period Virginia was the leading producer, 
but by 1893 Missouri was producing nearly an equal amount 
In later years Missouri came more and more to the front, and 
in 1914 furnished about 65 per cent of the total product of the 
United States. 

The history of the industry has been somewhat fitful. There 
have been periods of temporary activity, as at the present time, 
most of these periods following a marked increase in the price 
of barite. G)mplete statistics for the production of Missouri by 
years are not available. The following table shows the total pro- 
duction in the United States since 1882, and such figures for 
Missouri as are obtainable. 

MISSOURI UNITED STATES 

1882 8,000 Tons 22,400 Tom 

1883 30,240 

1884 28,000 

1885 16,800 

1886 11,200 

1887 16,800 

1888 22,400 

1889 7,558 21,460 

1890 9,882 21,911 

1891 12,000 31,069 

•Bryant, F. C, Eng. and Min. Jonr.. voL 85, p. 317. 1911 
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1892 32,108 

1893 28,970 

1894 23,335 

1895 21,529 

1896 17,068 

1897 26,042 

1898 31,306 

1899 41,894 

1900 67,680 

1901 20,950 49,070 

1902 31,334 61,668 

1903 23,178 50,397 

1904 25,498 65,727 

1905 26,761 48,235 

1906 28,869 50,231 

1907 44,039 89,621 

1908 16,319 38,527 

1909 34,815 58,377 

1910 22,978 42,975 

1911 21,500 38,445 

1912 24,530 37,478 

1913 31,131 45,298 

1914 33,317 51,317 

1915 39,113 108,547 

1916 58,223 221,952 

These figures are those of the United States Geological Sur- 
vey and are not exactly in agreement with those of the state geo- 
logical survey. However, they are probably as accurate, because 
actual figures of production are hard to obtain with the present 
method of mining and selling the barite. The 100 per cent in- 
crease in 1915 and 1916 is notable. 

GEOGRAPHY OF THE WASHINGTON COUNTY 

DISTRICT 

LOCATION OF THE BARITE AREAS 

The barite deposits of Missouri occur in two areas, the more 
important being the Washington County district, and the less im- 
portant the central district The first lies mostly in Washington 
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County but includes a few square miles of St. Francois County 
to the east. The total area of the district covered by the geologi- 
cal map is about 230 square miles, about 50 square miles of 
which had been mapped before the writer began his work. The 
area includes all of townships 37 N., R. 2 and 3 £. ; 38 N., R. 2 
and 3 E. ; 39 N., R. 3 E. ; the southern part of T. 40 N., R. 2 E. ; 
and a small part of T. 40 N., R. 3 E. ; nearly half of T. 39 N., 
R. 3 E.; the southwest sections of T. 39 N., R. 4 E., and the 
northwest comer of T. 39 N., R. 4 E. The entire area lies north- 
west of the St. Francois Mountains and upon the Ozark Plateau. 
It is some eight or ten miles to the nearest peaks of the moun- 
tains from the southern border of the district. 

The Central district includes parts of Moniteau, Morgan, 
Camden, Miller and Cole counties in the central part of the state 
south of the Missouri River. The deposits are scattered over 
these counties, probably the most important ones being in Mor- 
gan, Miller, and Cole counties. The geography and geology of 
this district will be discussed separately. 

TOPOGRAPHY 

Relief, — ^The Washington Coimty district lies on a plateau 
in which streams have developed a mature topography. The 
highest points are in the southern part of the area, where several 
of the ridges rise to an elevation of about 1,250 feet. East of the 
ridge west of Hopewell and Summit, on the Iron Mountain Rail- 
road, higher parts of the surface have a common elevation of 
about 1,000 feet. North of the high ridge, referred to above, the 
surface declines to about 1,100 feet west, northwest, and north 
of Potosi. The ridge between Mine k Breton Creek and Amaux 
Creek reaches 1,100 feet and the highest point at the northern 
side of the area is 1,050 feet. This indicates that the surface 
was originally a plain sloping to the north ; and into it the streams 
have cut their valleys to depths of from 100 to 300 feet, the 
deeper valleys being those of the major streams to the north. 

The lowest point of the area is a little less than 550 feet 
above sea level. This is on Big River where it flows out of the 
barite area. This is also the point where Mineral Fork, the 
largest stream entirely within the area, enters Big River. This 
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gives a maximam difference in eferatkn for the area of about 
700 feet The average rdief » bowerer, is about 200 feet. 

The r^on, as a whole, is con^ktdjr dissected, diere being 
no areas diat are not cntirdy in slope. The ridges do not have 
flat tops and generally are very narrow, some of diem being so 
narrow diat the drainage &om die two whed tracks of a wagon 
road flows into widdy separated ciedcsw The crests of these 
long ridges are marked by uum e iou s small knoHs and sagSw 

Plateaus amd escar^tmenis. — There is a marked escarpment, 
doe to the Gasconade f ormatioo, which begins nearly two miles 
west of Hopewdl, and follows a sli^tly nor t hwes t direction to 
a point southeast of Old Mines, dience swinging northwest and 
going oat of die area doe north of Rkhwoods. West of this 
escarpment the surface declines from an elevation of about 1,250 
feet at the sonth to about 1,050 feet at the nordi, and the plateau 
to the east of the escarpment has an devatioo of about 1,060 
feet at die south and about 850 feet at die north. This dif fer> 
ence of about 200 feet on opposite sides of the escarpment is just 
about the thickness of the Gasconade formatioti as found over 
the larger part of the area. The dq> of die beds is not parallel 
to the slope of the surface, altho on die whole the beds dip to the 
north. The escarpment is due to the great resistance of die Gas- 
conade formation. 

Marbut,' in his discussion of the physical features of this 
region, has caDed this the Pbtosi Escarpment, the plain to the 
cast the Summit Platform, and the tq>Iand to the west die Salem 
Platform. The latter extends to die w e ste rn part of the state 
and includes practically all of the Ozark Plateau. In his map of 
the physiographic bdts and platforms (plate 2 of the above re- 
port) Marbut has the Summit Platform stopping at about the 
northern end of Washix^on Gxmty. There would seem to be 
little reason for so limiting it for die region to die nordi is cer- 
tainly a co ntinua tion of it. He correctly interprets the Potosi 
Escarpment as being due to a resistant member of the Ozark 
Series, but of course, he could not tell which formation it was, 
yiw^ die geology of the region had not been worked out. 

•Ifaskat, C F, "The Phjwal Fcatores of Ifissottri* Mol GcqL Sorr 
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Standing upon a bluff, or any other high point in the east- 
em part of the area, one can readily see the Salem Platform and 
the Potosi Escarpment. The even crests of the ridges are a 
feature which is striking from almost any high point in the re- 
gion, except where the Potosi Escarpment comes into view. As 
the surface represented by the crests of the ridges bevels the 
edges of the slightly dipping beds, it seems clear that the present 
drainage system has developed the mature topography from a 
former peneplain or base-leveled surface. Evidence from other 
parts of the state supports this view. This point will be more 
fully discussed later. 

Drainage, — The entire area is drained by Big River except 
a few square miles in the vicinity of Richwoods which are drain- 
ed by Little Indian Creek. Big River forms a part of the east- 
em boundary of the area and also flows across it for a few miles. 
The streams of the southern part of the region flow southeast 
into Big River, which flows in a northeasterly direction south of 
the area, coming just to the southem boundary near the southeast- 
em corner. The east-central part of the area is drained by Mill 
Creek and its various tributaries. Mill Creek flows northeast 
and joins Big River just south of Blackwell. The western part 
of the area is drained by several creeks which finally unite near 
the western border to form Mineral Fork, a large stream that 
flows northeast across the area and joins Big River. The ex- 
treme southwestern part is drained by the North Fork, a branch 
of the Fourche a Renault Creek; while Mine k Breton Credc 
with its branches, Bates Creek and Swan (locally called Swine) 
Branch drain the west-central part of the area. Amaux Creek, 
Mill Creek, and Old Mines Creek, flow into Mineral Fork from 
the south and Qear Creek and Rocky Branch from the north. 
Calico Creek and Ditch Creek drain the northeastern part of the 
area. 

While several of the streams are large, they have not devel- 
oped flood plains of any extent. Small strips of alluvium are 
found along only the larger streams. Rarely is the valley of the 
Mineral Fork, for instance, more than a quarter of a mile wide, 
and its average width is from 300 to 500 feet. Patches of allu- 
vial plains are found on the inside of the larger bends of Big 
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eastern part of the state it is about an equal distance to Creta- 
ceous outcrops to the southeast. When Cretaceous seas covered 
the region to the northwest and an embayment extended up the 
Mississippi River to southern Illinois, it would seem that the Mis- 
souri region might also have been submerged, at least in part. 
The region had been land, so far as it known, since late Pennsyl- 
vanian times, and even during that period the Ozark Plateau was 
perhaps only partly submerged. It would seem, therefore, that 
erosion may have leveled the surface so that due to the Creta- 
ceous subsidence a considerable part of the state would have been 
submerged. If Cretaceous deposits were laid down, however, 
they have been entirely removed from northwestern Missouri, 
and probably also from southeastern Missouri. So far as now 
known, it is possible that in some places in southeastern Missouri 
faulting has carried Cretaceous beds down so that Tertiary beds 
bury them. 

The oldest Tertiary beds to the south of this area are the 
Lower Eocene. Had this region been elevated at the close of the 
Cretaceous period the Lower Eocene to the south of the Ozark 
Plateau would be expected to contain materials derived from 
that region. The present streams are transporting a great deal 
of chert derived from the various formations of the Cambrian 
and Ordovician, so, unless the surface of the Ozark Plateau was 
at one time covered by formations later than the Cambrian and 
the Ordovician formations, streams, cutting into a recently ele- 
vated area in this region, would probably have found an abund- 
ance of chert to transport, much as do the present streams. This 
material would have become a part of the Eocene, but such is not 
the case. 

There is not much doubt that during Tertiary times the en- 
tire Ozark Plateau was undergoing erosion. The Missouri River 
was largely developed after Cretaceous times, and it received the 
major part of the drainage from the northern slope of the pla- 
teau. The Tertiary sea to the south received the drainage of the 
southern slope. Thruout the period, the region was being re- 
duced until probably near the later part of the Pliocene period. 
This was a period of uplift over much of the United States, and 
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a sand dune. The alluvial soils are mainly silts, which are in 
places sandy. 

The smaller valleys contain a certain amotmt of alluvial soil, 
but in the main their soils are thin and stony. The origin of the 
soils is interesting as they are in large part due to side wash from 
the slopes, which carries the finer materials down into the val- 
leys. Here the water sinks into the coarse gravels, leaving the 
fine articles of sand, silt, and clay behind to form the soil. To 
this is added the material deposited by the stream in times of 
flood. 

Residual soils 

Residual soils will be classified according to the formations 
from which they were derived. This will enable the soils from 
different ty^s of rocks to be compared, and will permit of ready 
reference to each type. 

Elvins soil. — ^The areas which were underlain by the Elvins 
dolomite and shales are so limited that little is known as to the 
character of the soils derived from them. Some of these areas 
are along Fertile Creek and the soil is a grayish to reddish sandy 
loam, but it is probable that it contains some transported material 
and therefore does not represent the true character of the resi- 
dual soil. ' ' ' ^ 

Potosi soil. — Since the Potosi dolomite tmderlies more than 
half of the area there was ample opportunity to observe its soil. 
Likewise the major part of the barite deposits as well as the old 
lead diggings are found in the mantle rock from this formation ; 
hence it was studied in detail. 

The surface layer over most of the area varies from dark 
gray or black thru gray to reddish, while the deep red of the 
lower part of the mantle rock is exposed at the surface in only 
a few places. In those areas that have recently been cleared the 
Potosi soil is usually an ash-gray. The tmderyling residual ma- 
terial is everywhere red, usually of a very deep shade. The Po- 
tosi soil may or may not contain the drusy quartz which is so 
abundant in the dolomite. The mantle rock ranges in thickness 
from nothing up to 20 feet, the average being about 10 to 12 
feet. In most instances the upper foot or two is free from quartz 
and chert, especially where the slope is gentle enough to prevent 
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rapid erosion. Where erosion is rapid, the quartz is at the sur- 
face, and not infrequently barite is abundant there also. This is 
especially true of the outlying areas where barite is just begin- 
ning to be produced. The soils of the Potosi are fertile and are 
tilled wherever the topographic position of the land permits. 

Proctor soil — There is practically no difference in color 
between the Proctor and the Potosi soils. As the Proctor dolo- 
mite contains very little chert, its soils are relatively free from 
it, unless they contain some which is residual from the overlying 
Gasconade dolomite and sandstone. The Proctor dolomite is less 
resistant to weathering than the other formations and forms gen- 
tle benches on the less steep slopes. The soils are very fertile, 
and are tilled over most of the area where the Proctor formation 
is found. Since the soil derived from the Proctor formation is 
usually free from chert it is tilled on the crest of a hill or on the 
sides. 

Soils from the Gasconade and Roubidoux Formations. — ^The 
soils from these formations are gray and black at the surface but 
below they are yellow and brown where the other for- 
mations are red. Almost without exception these soils are full 
of chert, sandstone, or quartzite. The exceptions are the occasi- 
onal flat areas on the crest of the ridges. Here the soils are 
sometimes relatively free from chert and are of an ash-gray 
color. They are generally only a foot or eighteen inches thick. 
With sufficient rain they make very good soils. Since there is 
much sandstone in these formations, the soils from them are 
largely sandy loams. Pines are ntunerous on such soils. 

Wind-blown soils 

It has been mentioned above that all the soils, especially 
those on the crests of the ridges, may have an ash-gray color. 
This color is rarely more than a few inches thick and gives way 
to a clay loam below. Examination with a microscope shows 
that the particles are more or less rounded altho they are very 
fine. Since they are found especially upon the crests of the 
ridges it is believed that the material is largely wind-blown. 
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CUMATE 

The climate of the Ozark region is not very different from 
that of most of Missouri. The average annual rainfall is 43.66 
inches. The rainfall shows considerable variation from year to 
year, and severe droughts are known. The average snowfall is 
about 18 inches. The mean annual temperature is 65 degrees, 
but a fraction of a degree higher than the average for the state. 
The daily range is usually great, being occasionally about 50 de- 
grees. This wide range of temperatures would be very effective 
in weathering were it not for the protection afforded by the deep 
mantle rock. The fact that the chert thruout the area is reduced 
to small fragments is due to these temperature effects. 

VEGETATION 

The region is covered by a heavy forest growth, which in- 
cludes the following kinds of trees : red pine, cedar, juniper, post 
oak, white oak, sycamore, cottonwood, maple, willow, hackberry, 
sassafras, persimmon, pawpaw and many others. In addition to 
the trees there are many small shrubs and vines, among them the 
blackberry, raspberry, blueberry, dewberry, and others produc- 
ing edible fruits. Grass is fairly abundant, especially on the open 
glades. The farmer allows his stock to run in the open woods, 
and they are usually in good condition. Most of the bottoms 
are tmder cultivation and much hay is raised in addition to 
wheat, oats, com, cane, and some tobacco. 

CULTURE 

Inhabitants, — ^The area covered by this report was settled 
very early. The first settlers were the French, who came there 
about 1725, following the discovery of lead in the region of Old 
Mines, six miles north of Potosi, and at Mine Renault, eight 
miles northwest of Potosi. The Spanish followed in 1769, but 
few of them remained after the purchase of Louisiana by the 
United States in 1803. About the year 1800 settlers from the 
eastern part of the United States came to the region, and in large 
part their descendants still live there. About Old Mines the 
greater part of the population still speaks French, tho English 
is spoken there also. 
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There are various classes of people, but the majority of 
those who live in the country are very poor. In those parts of 
the district, however, where the farm lands are good, the people 
are a very prosperous class. A large part of the people depend 
wholly on the barite industry. These are known as "tiff-dig- 
gers." During the winter and in dry weather the poorer farmers 
also dig "tiff." 

The principal occupations of the people are farming, digging 
barite, and making ties and barrel staves. 

GENERAL GEOLOGY OF THE WASHINGTON COUNTY 

DISTRICT 

OUTUNE OF THE GENERAL GEOLOGY 

All the formations of the region are of Cambrian age. They 
include the Davis, the Derby, and the Doerun formations as de- 
fined by Buckley,* which, however, are all included in the Elvins 
formation of Ulrich.'' Above the Elvins formation are the Po- 
tosi, the Proctor, the Gasconade, and the Roubidoux formations. 
The entire group belongs in what is known as the "Ozark Series." 

These formations include all the members of Ulrich's 
"Ozarkian System,"* and the formations immediately above and 
below it. His "Ozarkian" includes the upper part of the Cam- 
brian, as commonly defined, and the lower part of the Ordo- 
vidan. 

The formations are largely dolomites, altho some contain 
shale, chert, and sandstone, and there are a few conglomerates. 
There is practically no limestone in the entire group. Fossils are 
almost unknown, and, since there is considerable lithologic simi- 
larity among the formations, differentiation is extremely diffi- 
ctilt. The botmdaries must be drawn rather arbitrarily and their 
accuracy will depend upon the familiarity of the observer with 
the formations involved. 

"Buckley, E. R^ Mo. Bur. of Geol. and Mines, vol. 9, Ft 1, pp. 33-49, 
1908. 

'Ulrich, E. O.. "The Copper Deposits of Missouri," Bull. 267. U. S. 

G. S., p. 23. 

•Ulrich, E. O., Bull. Geol. Soc. Am., vol. 22. pp. 281-«). 1911. 
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It consists predominantly of dolomite, calcareous dolomite, shale, 
conglomerate, and some sandy, glauconitic dolomite. The shale, 
sandy dolomite, and conglomerate predominate in the lower part 
of the formation (the Davis shale of Buckley's report), but are 
interbedded with dolomite and calcareous dolomite. The char- 
acter of the upper part is shown by the following partial section 
taken at the bluff on Big River near its junction with Mineral 
Fork: 

PARTIAL SECTION OF THE ELVINS FORMATION^ BEGINNING AT THE TOP 

Dolomite, yellowish, fine-grained, finely porous, rather mot- 
tled, thick bedded; weathers into angular blocks 3 or 5 
feet square and 1 foot thick 4 ft. 

Dolomite, mottled gray, contains numerous fragments of 
quartz and some crystals of calcite, thick-bedded; weath- 
ers into very large blocks 4 ft 

Dolomite, light to dark gray, fine-grained, has nodular struc- 
ture and fine, wavy bedding planes; weathers into beds 
from 1 inch to 1 foot thick 11 ft. 

Dolomite, light gray, very fine-grained, nodular, platy, thin- 
bedded 6 ft. 

Dolomite, light gray, fine-grained, massive, contains fragments 

of calcite an inch or more across 2 ft. 

Dolomite, light colored, thin-bedded, platy, contains irregular 

fragments of calcite 1 ft. 6 in. 

Dolomite, light gray, medium to fine-grained 3 ft. 6 in. 

Dolomite, light gray, very dense, hard, contains small amount 
of pyrite, upper part contains masses of calcite; shows 
bedding planes; weathers to elongated angular fragments 
on a flat surface; would probably weather platy 9 ft. 6 in. 

Dolomite, yellowish-gray, medium to fine-grained, slightly 
porous, contains crystals of calcite; weathers into blocks 
1 foot or more square 3 ft 

Dolomite, gray, shaly, fucoidal, fine-grained; weathers rapidly 

and forms re-entrants 4 ft 

Dolomite, dark gray, massive, medium-grained 3 ft. 

Dolomite, gray, mottled, fine-grained ; weathers to a thick bed 

in angular blocks 1 foot square 1 ft. 9 in. 

Dolomite, gray, weathers to a buff color, very dense; shows 
suggestions of thin bedding; shows fucoids in abundance, 
weathering taking place around them 3 ft. 3 in. 

Dolomite, gray, shaly, medium to fine-grained, very tough, 
some beds slightly porous ;. weathers to irregular shaped 
fragments an inch or two in diameter; middle parts 
wcttther platy 6 ft 
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Dolomite, pink, medium-grained, weathers to a veiy rough, 

pitted surface 1 ft. 3 in. 

Dolomite, gray, porous, dense, medium-grained 6 in. 

Dolomite, gray, thin-bedded, weathers rough and nodular, 

rather argillaceous 1 ft. 6 in. 

Dolomite, yellowish-gray, medium-grained, weathers to a very 

rough pitted surface < 2 ft 

Dolomite, buff colored, weathers dark gray; fine to medium- 
grained; thin bedded, beds up to 6 inches in thickness; 
some beds contain scattered grains of glauconite; others 
contain small grains of purite; some beds are porous.... 18 ft. 

Dolomite, fine-grained, dense, tough, weathers yellow, surface 

weathers gray 8 ft 

Slope covered by talus 40 ft. 

The striking feature of the Davis member is the abundance 
of edgewise and intraformational conglomerates (only one of 
these is really an edgewise conglomerate) in its lower part. 
Buckley recognized fifteen of these conglomerate beds in the sec- 
tion of the Davis formation in the "Lead Belt/' but the number 
in this area is unknown because of the limited outcrops of this 
part of the formation. There are seven or eight of them in the 
lower 80 feet of the formation. The "edgewise" conglomerates 
are interbedded with the same kind of materials of which they 
are composed, thus proving them to be intraformational con- 
glomerates as noted above. 

The dolomites of this lower part range in texture from fine 
to medium-grained. The fine-grained ones are very dense and 
tough, and break with a rudely conchoidal fracture as a rule. 
Most of them are medium-grained and distinctly granular. The 
colors are usually light shades of gray, but with pinkish and 
greenish phases. The weathered rock usually asstunes a buff, 
grayish, or yellowish color. 

The accessory minerals of the dolomite are calcite, quartz, 
glauconite, iron, pyrite (in small nodules), a few grains of 
galena, and clay. The glauconite is more abundant in the shaly, 
sandy portions near the lower part of the section. 

The dolomite contains calcite (sometimes in areas up to one 
and one-half inches across) which weathers faster than the 
dolomite, thus giving the rock a pitted surface. The calcite crys- 
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tals are hosts to numerous crystals of dolomite. These beds do 
not contain much glauconite or sand. 

The dolomites are in beds ranging from an inch up to sev- 
eral feet in thickness. Some parts are very thin-bedded and 
shaly, while others are massive and weather into large angular 
and roimded blocks. The conglomerate layers are distinctly len- 
ticular, as are also many of the dolomite and shale beds. Ripple 
marks were found on all the beds comprising this lower, or 
Davis, member. Most of them are two or three inches across. 
Buckley* reports that some of the beds contain sun cracks. 

Fossils are not abundant, as a rule, but a bed was found in 
which cystoid stems were numerous. Some distance above this 
bed a thin platy dolomite contains an abundance of lingulas. 
Buckley (ibid., p. 38) reports that trilobites are also found in 
some of the beds, but none were seen in the rocks of this area. 
The so-called fucoids are found rather abtmdantly in the dolo- 
mites. They are frequently of large size; several inches long and 
nearly an inch across. 

The shales are little exposed, but those seen were blue to 
bluish-gray and very thin-bedded. They are only slightly cal- 
careous, except along certain layers which contain fucoids. All 
the shales contain some magnesium carbonate. They are in beds 
four to five feet thick interbedded with the dolomite. They were 
not observed in association with the sandy dolomites. They 
weather to thin plates of a yellow color. One bed broke down 
to an ash-gray soil. 

The sandy dolomites are found in the lower part of the sec- 
tion, except in the southeastern part of the area, where the upper 
dolomite beds of the Elvins formation contain thin lenticular lay- 
ers of sandy dolomite. The color varies from yellowish-red to 
greenish-red. Texturally, they are medium to fine-grained, 
the latter predominating. They consist essentially of dolomite, 
glauconite, quartz and clay. There' is an abtmdance of dark 
green grains of glauconite in these beds. Under the microscope 
the glauconite grains are seen to be round, while the associated 
grains of sand (less than 15 per cent of the rock), are angular to 
subangular. The glauconite in thin section is pale green. The 

*Bttckley, £. R., Mo. Bur. of Geol. and Mines, vol. 9, Pt 1, p. 38. 1906. 
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been moved by sliding. The pebbles are all more or less rounded, 
showing water action, and the horizontal position of the majority 
of them shows that they were deposited by water. They were 
undoubtedly formed in shallow water after the muds have been 
partially hardened. The waves then broke up the crust, partially 
rounded the fragments, and buried them in a carbonate mud. 

Upper part of the Elvins, — Beds that Buckley called the 
Derby and Doertii formations are here regarded as the Upper 
Elvins for reasons given later. They are dolomites or slightly 
calcareous dolomites from top to bottom. There are some shaly 
beds, but these are relatively free from more than a thin film of 
clayey material. No sandy lenses were observed in the area 
along Big River or Mineral Fork like those in the dolomites in 
the southeastern comer of the area. The prevailing color is some 
shade of gray, a light gray shade greatly predominating, altho 
occasionally some beds are bluish-gray. Near the top of the for- 
mation the beds are buff, the topmost layers having a distinctly 
pinkish cast. Mottled beds are rather ntunerous, and the mottl- 
ing is due to dark bluish-gray nodules of dolomite in a matrix of 
soft light gray dolomite. These darker parts are sections of 
fucoids. 

The beds vary in texture from very dense, fine-grained dolo- 
mites to coarse-grained ones. The majority are fine to medium- 
grained and have a distinctly granular appearance. Some of the 
beds, especially those in the upper part of the formation, are 
very soft and porous, the pores ranging from a fraction of a 
millimeter to three millimeters in diameter. The buff colored 
beds near the top are especially characterized by porosity. The 
porous beds contain many small grains of limonite, which indi- 
cates some previously existing pyrite. 

The beds are rather pure dolomite, and, like the lower part 
of the formation, contain occasional areas of calcite which 
weather faster than the dolomite. 

The beds range in thickness from an inch to 8 or 10 feet, 
the thickest beds being near the top. A peculiar undulatory 
structure was observed in these beds. The structure resembles 
large ripple, marks, 10 feet from crest to crest, with an amplitude 
of 2 feet. The crests are composed of hard reddish-gray dolo- 



%% 

«« 



VNnxtsmr or Mtssocmi snaxis 



i»»iWv 4Wvl the hvx'v^^"!ji Ane flljcd midi a bazssli 
t'V >ui u<^ v^t tiyk:x> vx£ Ae beds k 

aX\,:n v^ nVt X'' ^c^K :rvci :» ^."p. Is ^iesese 
>>vi"y %Nwfe <-^fici %x:^ 41 V i ifiinitft . It 










- A 



» ^ * 



-^ ^ > 



-5v 



« '"O . • 






>^ * 'fc 









■*m ■• 





THE BARITE DEPOSITS OF MISSOURI 23 

The base of this series of rocks is not exposed in the area 
studied. They are evidently not so thick as they are in the "Lead 
Belt" The top of the formation is drawn where the pink, porous 
dolomite ends, and the bluish-gray crystalline drusy dolomite of 
the Potosi begins. This upper limit is easily and accurately de- 
termined. 

Buckley* subdivides the Elvins formation of Ulrich* into 
three parts, which he calls the Davis, the Derby, and the Doerun. 
The Davis formation, at least, is the equivalent of the lower part 
of the Elvins formation as described by Ulrich, and according to 
Buckley is 170 feet thick. It includes the conglomerate beds 
which are described above as being in the lower part of the El- 
vins formation. This formation in the Flat River region con- 
tains a so-called boulder bed near the central part. This bed is 
entirely lacking in the Washington County area. Likewise, 
there is very little shale in the upper part of what would be the 
Davis formation, so that it is impossible to draw a line between 
the Davis formation and the overlying Derby dolomite. 

The Derby formation, which is about 40 feet thick, is de- 
scribed by Buckley as follows : 

"This horizon is characterized by massive beds of hackly 
dolomite, which, upon weathering, break down into large poly- 
gonal blocks often 20 feet in their greatest diameter. Weathering 
proceeds rapidly along joint planes of which there are two espe- 
cially prominent systems nearly at right angles to each other. 

"As a whole this formation is a fine-grained, crystalline, 
slightly calcareous dolomite. Soft, porous beds alternate with 
those that are hard, dense, and brittle. In color the dolomite 
varies from a light gray through yellowish gray to reddish 
brown. The pitted character of the weathered surface of some 
of the beds appears to be due to the solution of the more calcar- 
eous areas of the dolomite." 

Buckley describes the Doerun formation as a "horizon 
which consists chiefly of argillaceous dolomite." There are "al- 
ternating beds of argillaceous dolomite, finely crystalline dense 

'Buckley, E. R., Mo. Bur. of GcoL and Mines, vol 9, Pt 1, pp. 33-49. 
1906. 

njlrich, E. 0, Bull. 267, U. S. G. S, pp. 2^26. 
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dolomite and soft finely porous dolomite." It is about 50 to 60 
feet thick and possibly thicker. 

It was found to be impossible to separate satisfactorily these 
two members from the underlying formation and from each 
other in the Washington County area, hence they are grouped to- 
gether and called by the name first given to them by Ulrich, the 
"Elvins/* He states (ibid. p. 23) : 

'This name is proposed for the shales, shaly limestones and 
more or less earthy dolomites that in St Francois County inter- 
vene between the shaly top of the underlying Bonneterre lime- 
stone and the cherty limestones of the Potosi group above. 

**The bed of pink dolomite assigned to die base of the Potosi 
in the foregoing section contains no chert nor drusy quartz, and 
in that respect differs decidedly from the overtying beds of the 
formation* It may therefore be regarded as more properly re- 
ferable to the Elvins formation. This is not here, for tbe reason 
that it or a similar bed inaugurates the Potosi sedimentation in 
areas where the Elvins formatioQ is missing/' 

This pink bed is here included with the Ehrins for it is more 
distinctly related lithologicalh' to the formations bdow tKan to 
tlH>$e abov«. No evidence was found to indicate diat the rda* 
tion^^ip between the ElN-ins formatiQii and die Potosi dokmite 
was i>tfaer than one of conformin\ Both Utrich and Buddev 
th^>l they mijjrht be unconformable kxaOy^ but did not cite Ae 
evidecfece. llrich* states that the •'EKtns* b in onconformable 
cotttact with the bas^ of the Ozarkian system (rf>e Pblosi). In 
tbie paper cited» UIHch dettnes his Oarkiatt systen vad places 
it^ lsfc« between the E>ais forraation aisd dte Pbtosi formation. 
l^h* ^trocturaL tJiur-jL. isd petrxxo^cal dif fetences of tliesc two 
tv.>r-Mtx ns are certair> jTtat Wltether the break bctwtn tiicm 
5:< :?u::toec:tv grea: t^> cil* >t the lirse betw^eoi twv? >ysteuis fatnre 
$c»iie$ wtl AKstnriae. 
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cut down to the Elvins formation. The other extensive area lies 
along Mineral Fork, Mine a Breton, and Bates creeks. 

The eastern area constitutes the Summit Platform as de- 
scribed above. It also includes the more important farming areas 
in the district. This is due largely to the fact that the Potosi 
weathers to hills with less relief than any other formation having 
much areal extent in the district. 

The exposures of the Potosi in the western part of the dis- 
trict are due to the fact that the larger streams have cut thru the 
overlying formations. About eight miles to the southwest of the 
area mapped Hazel Creek has cut down to and exposed the Po- 
tosi along its bottom. 

The bluffs along Mineral Fork, Old Mines Creek, and Mine 
a Breton Creek have many excellent exposures of the Potosi for- 
mation. Many of these exposures are 75 to 100 feet or more 
high, and where the stream is cutting at the foot of the bluff, as 
is common, there is no talus to obstruct the exposure of the lower 
portion. These bluffs afford opportunity to study the forma- 
tion. Good exposures are also found along Big River where it 
flows across the Potosi formation. 

The mantle rock is thicker over the Potosi dolomite than 
over any of the other formations unless it be the Proctor dolo- 
mite which is very similar to the Potosi dolomite in many re- 
spects. As a rule, the soil and subsoil derived from the Potosi 
dolomite are free from quai:tz and chert, but where the slopes 
are great enough to favor rapid erosion, these materials become 
abundant, and on the sides of the sharper valleys the Potosi for- 
mation itself outcrops. The soil is fertile and covered with a 
heavy growth of oaks of various kinds. 

Petrography. — ^The Potosi formation is dolomite from top 
to bottom and contains a large amount of drusy quartz, chalce- 
dony, and chert. The dolomite is distinctly granular and the 
greater part is medium-grained, with a few fine-grained beds. 
The remarkably uniform granularity is striking, and the similar- 
ity of this formation to the Proctor dolomite would make it dif- 
ficult to differentiate between the two formations, if it were not 
for the ever present drusy quartz of the Potosi. There are many 
small cavities in the rock lined with quartz, dolomite, or more 
rarely calcite crystals. 
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The predominating color of the formation is light bluish- 
gray, but dark grays, buffs, and in some places red and pink are 
seen. It weathers to a rather dark gray, with occasional reddish 
and buff members. 

The Potosi formation consists of beds ranging from a foot 
or so in thickness up to 9 or 10 feet. While they appear mas- 
sive, some of them weather into thinner beds, but in no instance 
thinner than 6 or 8 inches. The weathered surface of some of 
the fine-grained beds is very smboth and appears to be due to 
temperature changes rather than to solution. Where solution is 
important the resulting outcrop is very rough and hackly, the 
surface being marked by many irregular depressions. In a few 
places stylolites, up to an inch or more in length, appear in the 
lower part of the formation. 

The microscope shows that the crystals of dolomite are an- 
hedral, with very irregular outlines, and that they are strongly 
interlocked. The grains all show considerable kaolin. They 
average .3 to .5 mm. in diameter. Steidtmann" has recently call- 
ed attention to the fact that dolomite grains are anhedral where 
they are in contact with each other and rhombohedral where in 
contact with calcite. Using this as a criterion, no calcite would 
be present in the dolomite, a fact borne out by the analyses. 

The composition of the Potosi dolomite is shown by the fol- 
lowing analysis: 

SiO, 2.03 

A1,0, 14 

Fe,0, 



FeO " ^ 



} 

MgO 20.98 

CaO 30.30 

CO, 45.35 

H,0 30 



99.64 
The Potosi dolomite contains an abundance of silica, not only 
in the form of drusy quartz, but as chalcedony, and to a less ex- 

'Steidtmann, E., "Results of a Study of Dolomitizatioti,'' Science, vol. 
44, pp. 56-57. 1916. 
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tent as chert. In two or three localities a small amount of flint 
was observed and rarely some bright green chert was found. 
Both the flint and the green chert are near the top of the forma- 
tion. The chert is dense, gray to white in color, and breaks with 
a conchoidal fracture. It is in masses up to two or three feet 
thick and several feet long. It is not in continuous beds, and the 
smaller masses are very irregular. There is little banding in the 
chert. The drusy quartz and chert are either in distinct beds, or 
parts of individual beds of dolomite. Many beds of the latter 
are entirely free from either form of silica. 

It is the drusy quartz and chalcedony that distinguish the 
Potosi formation from all other formations in this area. They 
are found in very irregular masses of various shapes; in large 
honey-combed masses, two to two and one-half feet thick ; and in 
veins. 

The drusy forms are similar to geodes, tho differing from 
them in some respects. The majority of the drusy cavities are of 
such a shape as to have the inner surfaces dominantly convex in- 
stead of concave as in geodes (PI. V, B). These convex sur- 
faces are covered by the crystals of minerals which are in the 
cavities. They have an infinite variety of shapes. As a rule the 
larger cavities, those more than two inches long, do not contain 
dolomite or calcite, tho these minerals are in the smaller open- 
ings. The quartz crystals are of various sizes, from very minute 
ones that cannot be distinguished with the naked eye, to those 
nearly half an inch in diameter and an inch to an inch and a 
quarter in length. The quartz and chalcedony are in alternating 
layers from a fifth to one hundredth of an inch thick (PI. Ill, 
E). There are as many as 40 to 50 in a single banded zone in 
some cases. On a few specimens thin bands of limonite were 
found coating the quartz layers and covered by chalcedony. No 
limonite was seen on a freshly fractured surface, hence it is prob- 
ably due to a slight infiltration along cracks or porous bands. 

The large honey-combed masses of drusy quartz have the 
appearance of a series of pipes coalescing at intervals. The cen- 
tral part of the pipes, in fresh specimens, contains dolomite, 
around which the quartz is deposited (PI. Ill, D). Chalcedony 
is usually lacking in these honey-combed masses. The first min- 
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eral to be deposited was the quartz. In some specimens there is 
a very thin band of chalcedony, but this is not common. The 
contact between the dolomite and the quartz is sharp. Most of 
the dolomite grains present crystal faces to the quartz. There is 
no difference in crystallinity between the crystals in contact with 
the quartz and those at a distance from it. These so-called pipes 
are really triangular coltmins of quartz and chalcedony, which 
have the appearance of having been flattened or compressed. 
They are in beds up to two feet and a half thick. They weather 
out into large angular blocks. 

Where the quartz is in veins it shows essentially the same 
features as in the cavities, chalcedony having been deposited first 
and then the quartz. The quartz crystals grow out from opposite 
sides and may or may not fill the vein. In all cases quartz is the 
last mineral to be deposited and chalcedony the first. It was 
probably the rate of deposition that determined which mineral 
would be deposited, the slower growth producing quartz. 

There is a set of veins later than the chert and drusy quartz. 
They are similar to the others save that, as a rule, they are with- 
out chalcedony. They are of the same age as the quartz which 
cements the rare chert breccias. 

The Potosi formation contains a number of cave deposits. 
None of the caves were found with sufficient exposure to de- 
termine their size or shape or the extent to which they were fill- 
ed. The materials in them were angular grains of quartz, angu- 
lar fragments of chert, and crystals of quartz with their faces 
unscratched. These cave deposits do not appear to be very large, 
but they are associated with the ore deposits. They were appa- 
rently formed at a period when the region was above ground 
water level, probably during the interval between the formation 
of the Potosi and the Proctor dolomites. 

The Potosi formation is generally reported as being about 
300 feet thick and such is probably its thickness in the eastern 
part of this area, but north of Kingston towards Richwoods it is 
apparently not more than 100 to ISO feet thick. Whether this 
is due to faulting followed by erosion before the Proctor dolo- 
mite was deposited could not be determined, as there were no 
single beds which could be used as a datum plane to determine 
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the possible displacement. However, there is one feature which 
is strong evidence of faulting, and that is the lack of continuity 
of the heavy honey-combed masses of quartz. These appear to 
belong near the top of the formation, but in many places are 
missing at the horizon where they should be found. This might 
be explained by faulting and erosion, as noted above. If there 
was faulting it occurred before the deposition of the Proctor 
dolomite, for this formation is very persistent in thickness over 
the area. If faulting occurred, an tmconformity exists between 
the Proctor and the Potosi formations. 

Age and correlation, — No fossils were found in the Potosi 
dolomite so its exact age is unknown, but its position in the series 
suggests that it is Upper Cambrian. Ulrich* places the Potosi 
formation at the base of the Ozarkian in Missouri. In an earlier 
paper^ he includes it in the Potosi group, as a part of the Gascon- 
ade limestone. He called it the Lesuer limestone, a name pro- 
posed by Keyes for this formation, but not until after Winslow 
had given it the name of "Potosi", hence "Potosi" has priority. 
Ulrich, in his revision of the Paleozoic systems, states that Buck- 
ley's use of the term for this formation is best and he adopts it. 
The formation is very easily recognized and is fairly easily de- 
limited. 

The Eminence chert — A question arises as to the possible 
presence of the Eminence chert in this area. Ulrich recognizes 
it as a formation of not less than 200 feet in thickness in Shan- 
non County to the southwest. There it is a very cherty dolomite. 

In the Washington County district there is at the top of the 
Potosi formation a band of very cherty dolomite, often several 
feet thick. This member is rarely more than 25 feet thick, and 
in most places only 5 to 10 feet. It was not mapped during the 
field work, for lithologically it would be considered as the top of 
the Potosi dolomite or as the base of the Proctor formation. The 
color and texture of the dolomite associated with the chert are 
the same as those of the formations above and below. It may 
be that the formation was formerly present in considerable thick- 

*Ulrich, £. O., Bull. GeQl. Soc. Am., vol. 22, p. 622 ; also. pp. 628^633. 
1911. 

njlrich, E. O, Bull. U. S. G. S. 267. 
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ness and largely removed before the deposition of the Proctor, 
but this has not been proved. The apparent erosion and faulting 
in the Potosi formation, as explained above, is in favor of its 
having been so. If the cherty horizon does represent the Emi- 
nence chert, it is much thinner in this area than farther south. 
Since the chert is so very different from the drusy quartz of the 
Potosi formation, the cherty horizon was considered as the base 
of the Proctor in the mapping. If it actually represents the Emi- 
nence, as seems to be the case, its thickness should be taken from 
thatt of the Proctor. It is, however, too thin to map on the maps 
of the scale used. For the reasons given in discussing the thick- 
ness of the Potosi formation and the presence of the Eminence 
chert, it seems probable that an unconformity exists between the 
Potosi formations and that during this erosion interval the 
larger part of the Eminence formation was removed. 

Economic importance. — The Potosi formation is of greater 
economic importance than any other formation in the area, as the 
larger part of the barite is obtained from it. Nearly 200 years 
ago lead was discovered in the mantle rock derived from the 
Potosi dolomite and it has produced lead ever since, altho the 
amount produced now is small. In the early days of the lead in- 
dustry, the only areas prospected were those where drusy quartz 
or "mineral blossom" was found. A connection between the 
drusy quartz and occurrence of lead was recognized. 

Proctor formation 

The Proctor dolomite is found in more or less connected 
areas over the western half of the district. Altho its outcrops 
are scattered, it ranks next to the Potosi formation in areal im- 
portance. It outcrops extensively farther up the valleys in which 
the Potosi formation appears, is found on the slopes above the 
Potosi formation where the latter appears in the valleys, and oc- 
cupies the crests of those ridges not capped by the Gasconade 
formation. 

Beginning four miles southeast of Potosi, the Proctor dolo- 
mite forms a continuous outcrop to the northern part of the 
county. About a mile southeast of Potosi the ridge is so low 
that the Gasconade formation is wanting and the outcrop there 
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is continuous with the outcrops along Mine k Breton and Bates 
creek. It joins these outcrops again ten miles to the north along 
Mineral Fork. It outcrops along the north side of Mineral Fork 
from the western border of the district near Aptus to a point 
near Kingston where it turns northwest towards Richwoods. 
Here it divides, one outcrop following Little Indian Creek, and 
the other running due north to the north side of the county. To 
the east of Old Mines, the Proctor has been entirely cut away 
along the road to Shibboleth, but to the northeast towards Fertile 
there is an extensive outcrop. There is also a small area of 
Proctor dolomite exposed along the North Fork of the Fourche 
k Renault where it leaves the area in the southwestern part. 

The Proctor dolomite is from 80 to 125 feet thick, yet its 
outcrops are rather broad over the entire area. This is due to 
the lithological character of the formation. It is entirely free 
from chert and hence is easily eroded. It forms the base of the 
Potosi escarpment along its eastern outcrop, but to the west its 
rather wide outcrops are due to the fact that it is largely the up- 
per formation on the ridges. Around Fertile and Richwoods the 
low relief explains the rather extensive outcrops. However, the 
Proctor formation does not form a marked shelf on the slopes 
where it outcrops, altho this would be expected. This shelf act- 
ually is present in a few places. Its failure to appear widely is 
probably due to the fact that the Proctor dolomite inherited a 
rather heavy mantle of residual chert and sandstone from the 
Gasconade formation. The presence of this material also made 
the determination of its upper boundary difficult. 

Petrography. — The Proctor dolomite is a nearly pure dolo- 
mite. As a rule, the color is some shade of gray, varying from 
light to dark, and in places with a bluish cast, but buffs and 
rarely pinks are also found. There is much variation in color 
both vertically and locally. The rock is crystalline, altho there is 
considerable variation in the size of the grains. Probably me- 
dium-grained texture predomintes, but there are many fine- 
grained phases. Everywhere the rock contains numerous small 
cavities, rarely two inches long and usually not more than about 
an inch. They are very irregular in shape and are lined with 
crystals of dolomite, calcite, and, rarely, quartz. Many of the 
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dolomite crystals are of a beautiful rose color, and are about an 
eighth of an inch in diameter. The crystals of the dolomite are 
largely anhedral with irregular outlines, but an occasional rhom- 
boidal face appears. Large crystalline masses of calcite are 
found thruout the formation. The grains of both these minerals 
show dust-like particles under the microscope. Other constitu- 
ents are barite, glauconite (rare), pyrite (rare and altered to 
limonite near the surface), and scattered masses of chert. 

The chert is in places rarely more than 5 to 6 inches in di- 
ameter and most of it is in pieces less than an inch across. The 
shape of these masses is very varied. The chert is very dense 
and usually is white or light gray in color. It is not possible to 
say that chert is especially abundant in any one part, and, on the 
whole, it is a minor constituent of the formation. 

The barite appears in veins, as irregular masses, and as dis- 
seminated grains. Its occurrence will be discussed fully later. 

The composition of the Proctor formation is shown by the 
following chemical analysis : 

SiO, 86% 

FeO 



^ I 15 

AljOg Trace 

CaO 30.38 

MgO 21.36 

CO, 46.62 

H,0 32 



99.69% 
The formation is thick-bedded, the beds being from 2 feet 
to 10 or 12 feet thick. In this area the beds are essentially hor- 
izontal. Near the base in one or two localities the weathered 
layers have a suggestion of being thin-bedded, but, on the whole, 
the beds are massive. On Clear Creek some of the beds show cross- 
bedding on a minor scale. Near the base there are abundant 
stylolites, some two inches long. They are parallel to the bedding 
planes in so far as their position was determined. They are es- 
pecially well developed at the old diggings about two and one- 
half miles northwest of Potosi, and along Rocky Branch, a tribu- 
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tary on the north side of Mineral Fork. At the former locality 
they are apparently later than the barite. Joints are rather com- 
mon. The tnajor set strike N. 65** E., and locally are nearly east 
and west, and the result of the two is the production of rhom- 
boidal blocks, thus making mechanical erosion prominent. 

No fossils were found in the formation. 

The rock weathers to a rough, pitted surface (PI. VI, A), 
usually of a color darker than that of the fresh rock. When it 
contains enough pyrite it takes on a buff to yellow color, tho this 
color is not common. The much pitted surface is due, in large 
part, to the more rapid solution of the calcite spots in the dolo- 
mite. The roug^ surface of the weathered rock is also due to 
the abundant grains of dolomite that stud the surface. Here the 
more rapid removal of the smaller grains has left the larger 
grains on the surface. This type of weathering produces a 
"sandy" surface, and when the products are not removed too 
rapidly they produce what the miners call ''sand rock." This 
is merely the disaggregated product of the dolomite. 

Age and correlation, — The Proctor dolomite is regarded as 
of Upper Cambrian age. Buckley^ suggests that there is an un- 
conformity at the top of the formation, and Ulnch also believes 
there is one. Whether there is one or not cannot be determined 
in this district, as not a single exposure was seen which showed 
these formations in contact. As stated above (page 39), there is 
evidence for thinking that an unconformity exists at the base of 
this formation. The Proctor dolomite is one of the few forma- 
tions in the Ozarks which has persistently held its formational 
name. It corresponds to Swallow's* Fourth Magnesian Lime- 
stone. All others who have had occasion to give a section of the 

stratigraphy in the Ozarks have called it the Proctor formation 

Economic importance. — The Proctor dolomite ranks next to 

the Potosi formation in the production of barite. Doubtless some 

barite from this formation is being mined from residual clay over 

'Buckley, E. R., Geol. of the Disseminated Lead Deposits of St. Fran- 
cois and Washington Counties, Mo., Bur. of Geol. and Mines, vol. 9, pt. 
1, 1906. 

'Swallow, G. C, First and Second Ann. Repts. Mo. Geol. Sur., pp. 
114-131. 18S5. 
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the Potosi dolomite. No lead occurs in the Proctor formation. 

Gasconade formation 

The Gasconade formation includes dolomite, chert, sand- 
stone, and a little shale. The exposures are so poor and few 
that a detailed section could not be made. 

The Gasconade formation is chiefly in the southwestern and 
middle western parts of the area, with various isolated exposures 
in the central and northern parts. The southwestern area occu- 
pies the upland country called the Salem Platform. One part ex- 
tends to the north between Bates and Mine a Breton creek, and 
another between the North Fork of Fourche a Renault and Bates 
creeks. The other extension of the area is to the east along the 
divide between the streams that flow south to Big River and 
those that flow north to Mine a Breton. One spur extends to 
within a mile of Summit on the Iron Mountain Railroad. The 
long narrow ridge which the Old Mines road follows is capped 
by the Gasconade formation. Just south of Old Mines, where 
Old Mines Creek heads, the Gasconade outcrop divides, one part 
extending about two miles northeast along the ridge, and the 
other part turning to the west along the high ridge that lies be- 
tween Mine a Breton and the southern tributaries of Mineral 
Fork. A branch of the latter follows the ridge between Mill 
Branch and Old Mines Creek nearly to Mineral Fort To the 
east of Old Mines Creek, toward Fertile, there are isolated 
patches of the Gasconade formation capping the higher hills and 
ridges. From Aptus north to Richwoods there is a large area of 
the formation, and a smaller area to the north of Little Indian 
Creek. Most of the higher hills and ridges that are underlain by 
the Proctor dolomite contain a considerable amount of residual 
chert and sandstone from the Gasconade formation, which once 
covered the region. 

The Gasconade formation is largely confined to the highest 
hills and ridges. It remains here because of its great resistance 
to erosion. This formation, with the Roubidoux, is the principal 
surface rock thruout the central part of the Ozarks. 

Petrography, — The Gasconade formation includes dolomite, 
cherts sandstone, and shale. Some of the dolomite is shaly, some 
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sandy, and all of it is more or less cherty. The sandstone shows 
conglomeratic phases here and there, and there are two or three 
layers of chert breccia. 

The dolomite consists essentially of dolomite and calcite, 
with chert and glauconite and rarely pyrite as accessory consti- 
tuents. The calcite is often in masses a couple of inches in di- 
ameter. The color ranges from bluish-gray to buff or yellow- 
ish-gray. A few beds are pinkish and here and there some are 
almost white. The dolomite varies in texture from coarsely cry- 
stalline to very fine-grained, with some beds that are porous. The 
microscope shows the typical anhedral grains of a dolomite, the 
grains having irregular boundaries. The chemical composition 
of the Gasconade dolomite (composite analysis) is as follows: 

SiO, 2.94% 

Fe.O, ) 

V 52 

FeO ) 

A1,0, 16 

CaO 31.40 

MgO 18.10 

CO, 45.70 

H,0 43 



99.25% 



The sandstone consists of angular grains of quartz with 
some chert fragments. Most of the quartz grains show crystal 
faces, only a few being rounded. On the other hand the chert 
particles are well rounded and white. They weather out leaving 
small rotmd or oval cavities in the sandstone. In places the chert 
fragments are large enough to make the rock conglomeratic. 
There are also some equally large quartzite pebbles in a sandstone 
bed near the top of the formation. The sandstone is cemented 
with silica in many places and thus becomes a quartzite. In other 
places the cement is hematite and limonite, while rarely it is dolo- 
mite or calcite. The sandstone is usually some shade of red, 
white, gray or yellow. It is medium to fine-grained, save in the 
conglomeratic phase. 
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A littie shaie was Dc3ted near the base of the Gasconade. It 
was dark graj in coior on a wcadiered ontcropi, and was vcfj 
tfam-bcddcd- Only ooe exposure was f oomL 

Tbe dokMmte and saodstooe siiow several iu^Mxtant struct- 
arai features, sacii as ripple-marks, cross-beddii^ mud ciadcSy 
ooLites, and st^lolitcsw ^iud-cracks, ooUtcs» and stjIoEtes 
foond in the dolomite, and the odier featnres in the 
Rippie-marks, seven inches from crest to crest and (Hie inch in 
axnptitxide, were seen. Cross-bedding is fomnww, especialljr 
the upper part of the formatioa. Some of the nmd-craciB 
at intervals of from four to six inches^ Some were from 
half to ooe inch wide, while others were onhr one^cishth of an 
inch widcL The strlolites were rareir over ooe inch loag. 

The chert is foond (1) in layers intcrbeddcd with tfaeother 
members of the fonnatioo, especially dolomite; (2) in nndnlrs 
of Iar]ge size along the bedding planes; and (3) as sobII irregu- 
lar masses and nodnks in the dolomite. Most of it is white or 
li^t gray, bat dark grays and blacks are seen, and die weathered 
product is nsaally stained some shade of jdk>w or red by die 
iron oxides. The chert is always dense and too^ Ixeaking widi 
a straight to stxbconchoidal fr ac tur e, rarehr with a p er f ec t coo- 
choidai fractorc. Much of the chert is banded, the bands being 
coQcentric in some instances, in others mdehr parallel to the bed- 
<£ng planes or lamellae. Rarely the chert is in r ounded dliptical 
forms, 8 to 13 inches in diameter. These forms show ^ilendid 
bands which are acccntnated by <fif ferential weatheriqg. They 
are weQ exposed in the beds of some of the str c ai u s fkiwiqg oo 
the Gasconade formation. Not in fr equently there are naiiaw 
dongated cavities lined with dmsy quartz in the bands of the 
chert. These shapes are strongly suggestive of lithopfaysae, bat 
are not so oontiiiuous as the concentric shdls of the latter. 

Oolitic chert is a common constituent of the C^< t v ma ^ 
formation. This fact is a great help at times in kxatii^ the 
lower limit of the formation. The oddites are silicioits^ and die 
microscope shows that most of them are perfectly r o u nded, but 
some are eUipdcal, and all axe more or less embedded in chake- 
dooy and quartz. They average from .4 to .5 mm. in Aameter. 
In places they are cemented vridi Hmonite and hematite. The 
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oolites show several well developed zones, but have no nucleus. 
The central part of some is dark gray crystalline quartz. In 
polarized light the areas between the oolites show the dark cross 
characteristic of chalcedony. The outer band or zone is more 
coarsely crystalline than any of the other zones, and is the same 
as the chalcedony surrounding the oolite. Thins sections of the 
dolomite adjacent to the oolitic chert in the same bed showed 
original structures that could be interpreted as oolites which 
now are replaced by anhedral grains of dolomite. 

Another type of chert of unusual interest is one that appears 
to be oolitic but is merely composed of well rounded fragments 
of chert, many of them almost spherical. These were thought to 
be oolites at first but the tmusual size of some that were found 
later showed that such was not the case. The microscope con- 
firmed the conclusion that they were merely rounded fragments 
of chert. 

Most of the fossils in the Gasconade formation are in the 
chert. They are well preserved but are very difficult to get out 
in perfect condition. They are gasteropods and fragments of 
orthoceras. 

Beds of chert-breccia at least three feet in thickness appear 
in the lower part of the Gasconade formation. Their exact hori- 
zon is not known, for very few exposures of more than a few 
feet were seen. The breccia weathers out in large masses, some 
of them are as large as 10 by 6 by 3 feet. It consists of angular 
fragments of bluish-gray, translucent chert, up to four inches in 
diameter, which are embedded in a dense white chert. The frag- 
ments lie at all angles in the matrix. 

The dolomite and chert members of the formation are per- 
sistent, but the sandstones are lenticular. There are sections of 
the Gasconade formation more than 200 feet thick in which not a 
single sandstone bed appears. In other places, sandstone beds 
are numerous and show all the characteristics of such beds. 
They are rarely continuous for more than a few miles, and most 
of them pinch out in less than one or two miles. 

Some of the dolomite is very thin-bedded, there being beds 
of a half inch or less in thickness, and those of two to four inches 
are common. Some beds are several feet thick, but this is not 
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the rule. In the Central district, where the Gasconade forma- 
tion is well exposed, thin beds predominate. The very thin beds 
are shaly. 

Fossils, aside from those in the chert, were found in a shaly 
member of the Gasconade formation about 75 feet from the base. 
These were found on a small tributary of Rocky Branch. They 
were mainly Unguals. Associated with them are fucoids. The 
trilobites and especially the gasteropods are much more numerous 
in the chert than in the shaly member. 

The dolomite weathers into angular blocks or else into platy 
forms. Much of the sandstone weathers into large blocks, some 
of which are quartzitic. These sometimes show case-hard6ning. 
The chert weathers into all kinds of shapes and various sizes, the 
breccia fragments being the largest. Temperature changes 
break it up into very small fragments. 

Age and correlation. — ^The Gasconade formation is probably 
Lower Ordovician in age. While only a few fossils have been 
found in it, those which appear (gasteropods, trilobites, and bra- 
chiopods) are Lower Ordovician species. In central Missouri 
there is a sandstone at the base of the Gasconade formation call- 
ed the Gunter sandstone, which is included with the Gasconade 
formation. In the Washington County area this sandstone was 
not recognized. The sandstone members of this and the overly- 
ing formation, the Roubidoux, are lenticular in character, and it 
is not strange that the Gunter standstone does not extend to 
Washington County. 

This formation is very persistent over a large part of the 
Ozarks.' Ulrich* places the Gasconade in the Ozarkian, between 
the Saratogan and the Upper Ozarkian, with an unconformity 
above and below. If such unconformities exist they are not to 
be seen in this region. 

Roubidoux formation 

There is a very small amount of the Roubidoux formation 
(largely sandstone) in the district, its total area being probably 
not more than a quarter of a square mile. It is in the extreme 
southwestern comer of the area on the ridges above the North 

» Ulrich, E. C ibid. p. 60^ pi. 27. 



THE BARITE DEPOSITS OF MISSOURI 39 

Fork of the Fourche a Renault. It is confined to the very crests 
of the ridges in sections 29, 30, 31, 32, and 33, T. 37 N., R. 2 E. 
Probably residual materials from the Roubidoux are on some of 
the other ridges, but it is difficult to be sure when the only means 
of identifying the formation are petrological ones, and since 
there are members in the underlying formations which are some- 
what similar. 

Petrography. — ^While the Roubidoux formation in other 
parts of Missouri consists of dolomite, sandstone, quartzite, and 
chert, the only member found in this area is a conglomeratic 
sandstone. No doubt much of the chert on the crests of the di- 
vides is also residual from the Roubidoux formation for some 
of it answers to the descriptions of the chert from that formation. 

The sandstone is medium-grained with some pebbles of 
quartz and chert which make it conglomeratic The color is 
mostly white with a yellowish tint, weathering to a red. Much 
of the rock is quartzitic. 

The chert fragments in the conglomerate phases are as much 
as two inches across, and are' angular. They are embedded in 
rounded grains of limpid quartz. 

The sandstone is cross-bedded, ripple-marked (with ripple 
marks up to three inches from crest to crest), and exhibits many 
mud-cracks. These features are characteristic of it wherever 
seen. The thickness is unknown since at no place was it seen 
in section, but it is thin. 

The formation breaks down to a sandy soil. Many large 
boulders show concentric rings due to oxidation. Angular bould- 
ers and fragments result from temperature effects on the sand- 
stones and quartzites. 

Age and correlation. — From its position, and from fossils 
fotmd elsewhere, the formation is known to be Lower Ordo- 
vician. Swallow called it the Second Sandstone. Nason* in 
1892 used the name Roubidoux for it, but was under the impres- 
sion that it was the First Sandstone of Swallow's classification. 

"Nason, F. L., "Report on Iron Ores," Mo. Gcol. Sur., vol. 2, pp. 85- 
115, 1895. 
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Winslow* in 1894 called it the Moreau sandstone, while Ball and 
Smith in 1903 called it the St. Elizabeth. Since Ulrich's report 
in 1905, the name Roubidoux has been applied to it. 

STRUCTURE 

The minor structural features of the area have been noted 
under the descriptions of the formations and something as to 
their general attitude was stated in discussing the physiography 
(pages 9 and 10) but details of structure and its effects have not 
been given. 

The structure of the formations is, on the whole, simple. 
The rocks depart but slightly from a horizontal position over the 
larger part of the region, except in two localities where they are 
much disturbed. One of these, the Stony Point area, is in the 
extreme southeastern comer of the area; the other, the Fertile 
area, is at the junction of Mineral Fork and Big River. 

In general the beds dip gently to the north, northwest, and 
west The top of the Proctor dolomite at its highest outcrop 
west of Hopewell is 1,080 feet, while its elevation on the west 
side of the area on the North Fork, is about 1,000 feet, giving a 
westward dip of about 11 feet to the mile. The same horizon on 
Bates Creek has an elevation of about 1,020 feet, and on Mineral 
Fork, about 10 miles farther north, about 950 feet, giving a dip 
of 7 feet to the mile. On Little Indian Creek the elevation is 
about 750 feet, showing a dip of 25 feet per mile for the last 
eight miles. From near Fertile to Aptus there is a westward 
dip of about 13 feet per mile. These average dips indicate some- 
thing as to the larger features of the structure. Northeast of Lit- 
tle Indian Creek the formations dip to the southwest more 
steeply. 

Folding 

There are no marked or extensive areas of folding in the 
region. Departures from horizontality may be divided into (a) 
minor undulations and (b) major folds. 

(a) Minor undulations. — Most of the formations show mi- 
nor warpings even in small outcrops. These are usually slight 

"Winslow, A., 1.ead and Zinc Deposits," Mo. Geol. Sur., vol. (^ p. 
331, 1894. 
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distortions of the beds developed during their consolidation. 
They are rarely more than 40 or SO feet in length. The Potosi 
dolomite exposed along Mine a Breton and Mineral Fork shows 
such undulations well. Probably some of these minor deforma- 
tions are due to solution, followed by a settling of the beds above. 

(b) Major folds, — There is really but one important fold 
in the area and that is slight in comparison to the folds in many 
regions. This is an anticline which extends from the Richwoods 
region to the southeastern part of the area near Kingston, where 
it apparently turns eastward and follows, rudely, the course of 
Big River. In the Fertile region many faults complicate the 
problem, but the major tendencies in the deformation are still 
evident. 

The dip of the beds on the west side of the anticline in the 
Richwoods area is rarely 3 degrees, but it is sufficient to bring 
the Potosi formation high enough so that it is exposed by ero- 
sion east of Richwoods. The dip of the beds to the east is prob- 
ably similar, altho evidence of the eastward dip was found in 
only one locality. That was on Calico Creek near Fletcher, 
where the dip is 2 to 3 degrees. 

The axis of the anticline begins about a mile west of the 
northeastern comer of Washington County, and follows a course 
about 23 degrees east of south to a point near Kingston where 
faults replace it. Extending slightly to the south of east is a 
poorly defined anticline which may be a continuation of the 
above, but appears to be a separate fold. On Maddis Creek the 
Elvins formation dips 4® S., 15* W. As a result the bluff on the 
opposite side of Big River consists almost entirely of the Elvins 
formation. Farther northeast near Vineland on the Iron Moun- 
tain Railroad there is a sharp downward fold to the northeast. 
Whether this is the northern side of the anticline is not known, 
but such appears to be the case. These two folds appear to in- 
tersect and end near Kingston, for the rocks to the west and 
those to the southeast do not show evidence of deformation. The 
Richwoods anticline is the direct cause of the mining of barite in 
that region, as it made possible the exposure of the Potosi dolo- 
mite, and, to a certain extent, the Proctor dolomite, the two for- 
mations which are economically important in the district. The 
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downward cutting of Calico Creek and its eastern branch has 
exposed the upper part of the Elvins formation along these 
streams. 

The folding accompanying the development of these anti- 
clines appears to have been sharp. The beds on Maddis Creek 
soon assumed a nearly horizontal position, as did those on the 
Calico near Fletcher. The same thing was apparently true in the 
sharp monoclinal fold near Vineland. This feature is well shown 
in Furnace Hollow, the small valley opposite Kingston. About a 
quarter of a mile east of this valley the beds dip southwest with a 
dip of about 1>^*. East of the creek about 300 feet they dip 8*, 
while in the creek bed they dip 15* S. W. Within about 500 feet 
along the bluff west of the valley the beds have again assumed 
their slight westward dip. This shows that the anticline is a 
broad fold with sharp almost monoclinal flexures on each side. 
It should be noted also that the anticline along its southern half, 
from Calico Creek to Mineral Fork, plunges rather strongly to 
the southeast. This accounts for the rapid rise of the Elvins for- 
mation above Furnace Hollow. 

The beds involved in the faulting in the Stony Point area 
dip rather steeply near the faults, but, since the present attitude 
appears to be due to the faults, their position will be discussed 
in connection with the faults. 

Faults 

« 

In each case where faulting was observed in the area, the 
throw was not great, altho in some cases the displacement was 
more than 100 feet. There are only two such faulted or dis- 
turbed areas, the Fertile area and the Stony Point area. 

The Fertile area, — Faulting in this locality has produced a 
more extensive outcrop of the Elvins formation than there would 
have been normally. The faults enclose a block about four 
square miles in area. Not all of the faults delimiting this block 
have been definitely located, as the map shows, but their pres- 
ence is demanded by structural relationships. In every case the 
fault planes dip steeply. A dip of 76" was determined in two lo- 
calities, but as far as could be determined it is greater than this in 
other places. In all cases the fault planes dip away from the 
fault block. Along Fertile Creek, the fault planes and fault 
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breccias are well exposed. The part of the fault plane exposed 
still retains the polish produced by the movement (PI. VI, B). 
The best exposure was one where the fault plane has a strike of 
N. 46* E. and dips 76* S. E. Another good exposure on Fertile 
Creek shows a strike of N. 80* E. and a dip of 75* S. The other 
faults are more nearly vertical than these two. 

The fault on the north side of the block, the Mineral Fork 
fault, stands out prominently on the face of the bluff on Big 
River in the southeast quarter of Sec. 22, T. 39, R. 3 E. The 
north end of the bluff is made up largely of the Potosi dolomite 
while the south end is entirely of the Elvins formation. Since 
the Potosi soils are red and the upper part of the bluff has suf- 
ficiently gentle slopes to retain some soil, its color is red, and it 
is locally known as the "Red Bluff," and that part occupied by 
the Elvins formation is known as the "Gray Bluff." 

The total throw at the eastern end of the block is less than 
that of the central part. A short cross fault running from north- 
east to southwest separates the two parts. The total throw is 
about 100 feet. The Kingston fault, striking southeast of King- 
ston, is a differential fault, the greatest movement having been 
at the northern end where it intersects the hidden fault on Min- 
eral Creek. Much difficulty was found in locating, even approx- 
imately, this fault and the one on the east side of this particular 
block. The actual fault planes were not located and the 
structural relationships were the only available means of de- 
termining their existence. There is a strong probability that the 
Kingston fault is a continuation of the sharp flexure in Furnace 
Hollow. There may be a connection between the two anticlines 
and this faulted zone, which is located at their intersection and 
southeast of it. 

The Stony Point area. — These faults were worked out by 
Buckley and belong to a large distributive fault called by him the 
Big River fault. The downthrow is on the northwestern side. 
On the corner of the area included in this map there are two 
rudely parallel faults. The extreme southeastern comer is occu- 
pied by the lower part of the Elvins formation (the Davis of 
Buckley), and in the area between the two faults the upper El- 
vins formation outcrops. These beds dip about 30* N. W. and 
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Strike N. 75' E. The lower member dips about 20* N. W. along 
the fault plane, but on the bluff of Big River, a quarter of a mile 
south, the beds dip very little. None of the above faults have any 
apparent effect upon or relation to the mineral deposits. 

Altho the faults discussed above are the only ones actually 
determined, it is believed that there was a period of faulting 
much earlier than that in which these faults were developed. The 
Potosi dolomite is very variable in thickness in the area, ranging 
from an apparent thickness of a little more than 100 feet in the 
region about the Calico, to nearly 300 feet in the southern part 
of the area. In the Fertile region also it does not have an3rthing 
like its maximum thickness. It is believed by all who have 
studied in the region that there is an unconformity between the 
Potosi and the Proctor formations. That the deformation which 
produced this tmconformit}' was accompanied by faulting is not 
improbable; nor is it improbable that in the subsequent erosion 
all surface evidences of the faulting disappeared. This sequence 
of events would cause the Potosi formation to have a variable 
thickness. If such faulting occurred, it certainly preceded the 
deposition of the Proctor dolomite, for this formation is nearly 
uniform in thickness. As shown in discussing the formation 
(page 37), there are apparent discrepancies in the bedding in the 
Potosi formation, as well as in thickness, which suggests that 
there had been faulting and subsequent erosion. 

Time of the faulting. — ^There may have been two periods of 
faulting. If there is an earlier one it accompanied the deforma- 
tion at the close of the Potosi, while the last one is certainly post- 
Gasconade. As a matter of fact it is probable that faulting took 
place as late as the last uplift in Tertiary times, tho it may have 
occurred earlier. The later faults are unmineralized, so they 
must have occurred after the period of mineralization. Spurf* 
believes that there have been two periods of faulting or fractur- 
ing in the Lead Belt of southeastern Missouri, one of which is 
distinctly older than the period of mineralization. It is evidently 
impossible to fix the time any closer than is suggested above. 

•Spurr, J. E., Econ. Gcol., vol. 10, p. 472. 1915. 
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Joints 

Massive, bedded, sedimentary rocks, such as the dolomites 
and limestones of this region, are well adapted to exhibiting 
joints, but the limited exposures give little opportunity to ob- 
serve them. 

There does not appear to be a definite direction along which 
the majority of the joints strike. They range from north and 
south to N. 70" W. Practically all the strikes of the major 
joints that were determined were in this zone. Most of the 
minor joints are at approximately right angles to the major 
joints. In one locality triangular blocks were produced by three 
sets of joints, one striking nearly east and west, and the other 
two at about 45** to the first. 

The strike of the barite veins is only in small part con- 
cordant with that of the joints. Very large veins were closely 
associated with these prevalent directions of the joints, but the 
barite veins were very irregular in direction. 

GEOLOGICAL HISTORY 

Since the base of the Elvins formation is not exposed in this 
area it cannot be stated whether it is conformable with the for- 
mation (Bonneterre) immediately below. The lower part of the 
formation was deposited in a shallow sea at some distance from 
the shore because it contains some intraformational conglomer- 
ates and sandy dolomite. The sand grains in the sandy dolomites 
are well rotmded and rather uniformly scattered thru the 
crystalline dolomite, showing that materials had not been per- 
fectly sorted when deposited in the dolomite. The shale is inter- 
bedded with the dolomite. Dolomite beds that are shaly are rare. 
As carbonate rocks predominte, either the land which furnished 
the materials must have been low or the Elvins formation of this 
locality was deposited some distance off shore. That the last 
may have been the case is indicated by the fact that the lower 
part of the Elvins, 25 miles to the southeast, contains a large 
amount of shale. It is probable that the land, Ozarkia, to the 
south was also low-lying, for a great dolomite formation had 
been deposited in that region in the preceding epoch. The pres- 
ence of so many intraformational conglomerates in this part of 
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the Elvins formation suggests a broad area submerged by a shal- 
low sea. This water was probably so shallow that a slight dis- 
turbance of the sea-level was sufficient to shift the bottom above 
or below the water. Such exposure would permit the muds to 
become hardened and mud-cracks to develop. These small 
blocks resulting from the mud-cracks would then be easily broken 
up and slightly rounded by the waves before they were com- 
pletely buried in more calcareous muds. The conglomerate beds 
were developed in situ from the materials of the previously exist- 
ing beds. The bottom of the sea was undulating as is shown by 
the lenticular beds. 

The dolomite in places may be a chemical precipitate. Fos- 
sils are found in the lower part of the formation and there they 
may have played an important part in furnishing a source for 
materials. The upper part, however, with its thick beds, is more 
suggestive of a chemical precipitate. The calciimi carbonate was 
probably first precipitated by bacterial and chemical processes, 
and then changed to dolomite while still a soft mud. The very 
shallow waters, as shown by ripple-marks, mud-cracks, etc., were 
also favorable to the development of dolomite and limestone by 
aiding bacterial and chemical changes. 

No evidence of an unconformity between the Elvins and the 
Potosi formations was found in the area, for not a single ex- 
posure of the contact was seen. Both formations are parallel at 
all points where their position was determined. Others have 
concluded that there was an unconformity at the top of the El- 
vins formation, but this is based on rather meager evidence. 

The Potosi seas were relatively quiet and free from terri- 
genous muds, as the formation consists of a very pure dolomite 
thruout. Its origin was the same as that of the carbonate rocks 
described above. The writer believes that the large amount of 
silica, in the form of drusy quartz and chert, was largely deposit- 
ed as silica at the same time the dolomite was deposited and later 
took its present form. A very small part was probably intro- 
duced by the solutions which deposited the barite. 

In this region the Potosi dolomite seems to have graded up 
into the Eminence chert, if it is present, without a break. As 
far as the evidence goes the Eminence might be considered a part 
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of either the Potosi dolomite or the Proctor dolomite. It is un- 
necessary to try to distinguish among them further. An uncon- 
formity may exist between either the Potosi and the Eminence 
formations, or between the Eminence and the Proctor forma- 
tions. 

The Proctor dolomite was deposited in a quiet sea and at a 
considerable distance from the shore. The presence of the mas- 
sive beds tells the same story of undisturbed waters existing 
when the Potosi dolomite was being deposited. The waters evi- 
dently did not contain much silica, which was due either to the 
fact that the land was far distant, or that the silica-bearing water 
had been deflected into another part of the sea. The Eminence 
formation of Shannon County with its abundance of chert may 
be the time equivalent of the Proctor because of this deflection. 

The Proctor -dolomite is overlain by the Gasconade forma- 
tion. In Washington County the lower part of the latter is dolo- 
mite and chert, with possibly a little sandstone, a sequence which 
does not involve a very great change, altho one probably occur- 
red. In central Missouri a sandstone member, the Gunter, is 
known to occur at the base of the Gasconade formation. This 
would suggest that the shore-line, for a time at least, was near 
the area of deposition, altho a sandstone might be deposited at a 
distance from the shore if the sea were shallow. Such a change 
was probably due to deformation and favors the view that an 
unconformity exists at this lower limit. 

It is, of course, possible that the sandstone was the first 
member deposited upon an eroded surface by an advancing sea. 
This also would mean an unconformity. Nearly all who have 
studied these formations believe that there is an unconformity 
between the Gasconade and the Proctor formations, and the 
writer is in accord with this belief. 

The Gasconade formation represents an epoch during which 
there were several changes, perhaps temporary, in the relation- 
ship of the land to the sea. For the larger part of the time the 
waters were shallow and far enough from land to receive little 
in the way of terriginous sediments. When such sediments were 
deposited they were sands, shales not appearing in this group of 
rocks. This would seem to indicate a rapid shifting of the shore- 
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line. Likewise, the extreme local character of the sandstone beds 
demands changes which are rather abrupt. Other evidence of 
shallow water are mud-cracks, ripple-marks, and cross-bedding. 
As the materials of the sandstone beds are angular and have 
crystal faces, their source must have been near at hand. The 
presence of the quartz with crystal faces is interesting. It may 
have been derived from the igneous rocks of the land to the south 
which presumably included the present area of igneous rocks in 
southeastern Missouri. The most probable source would have 
been the rhyolite of the latter area which contains a considerable 
amount or more or less idiomorphic quartz as phenocrysts. The 
Potosi may have been another possible source, the drusy quartz 
furnishing the grains. In this case it would have been the erosion 
of this member from previously existing areas that furnished the 
material. An examination of the gravels and sands in small 
streams and along the roads in areas underlain by the Potosi 
formation showed materials very similar to those in the Gascon- 
ade sandstone, except that the Gasconade material was better 
sorted. The limestone and chert have an origin similar to that 
of the dolomite described above. The chert breccias, however, 
suggest conditions different from those indicated by the other 
members of the formation. To the writer, their origin appears 
very similar to that of the conglomerates of the Elvins forma- 
tion. The steps in their production are similar, thus involving 
conditions of shallow water. 

There is unquestionably a break between the Gasconade and 
Roubidoux formations in this region, because wherever the lat- 
ter is found, its base is a conglomerate, in places coarse, but, for 
the most part, consisting of materials less than an inch in size. 
These materials indicate considerable transportation as they are 
well rounded. The ripple-marks and cross-bedding tell of shallow 
water. Sufficient silica has been introduced into the rocks to 
convert many beds, or parts of beds, into quartzite. 

The upper part of the Roubidoux formation has been re- 
moved from this area. That the Jefferson City formation was 
once in this region, but has been removed, is very probable. It 
would also seem very likely that other younger formations may 
once have covered the district. 
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That the Mississippian and Pennsylvanian systems, especial- 
ly the latter, were once over this area is doubtful. Since that 
time the surface of the area has been exposed to erosion, save for 
a few brief intervals. Possibly the Cretaceous sea came in from 
the south, but if such was the case any deposits of that time have 
been removed. Evidence has been cited above to show that no 
great amount of movement occurred at the close of the Creta- 
ceous period. Again it is very probable that during the Tertiary 
there were some deposits in this region or to the south. The 
Lafayette formation may have been the only formation of this 
period, and its presence is conjectural. Even if once present, it 
was a terrestrial deposit and does not represent a period of sub- 
mergence. 

The area was probably subjected to its last uplift in late 
Pliocene times and since then the erosive work of the streams 
has been the dominant geological work going on, unless, as has 
been suggested, there were movements in the Pleistocene. The 
recent deposits along the streams are so insignificant as not to 
merit mapping. 

GEOGRAPHY AND GEOLOGY OF THE CENTRAL DIS- 

TRICT» 

GEOGRAPHY 

The producing part of the Central district is located chiefly 
in Morgan and Miller counties in the central part of the state, 
but small deposits of barite are found in Moniteau and Cole 
counties. It is reported that some barite is found in Camden 
County south of the above area, but it is not of much importance. 

"The following notes on the geology and physiography are taken 
from the following reports on the geology of Moniteau, Morgan and Mil- 
ler Counties, to which the reader is referred for the more complete de- 
scriptions of the areas : 
Ball, S. H., and Smith, A. F., "Geology of Miller County, Missouri," Mo. 

Bur. of Geol. and Mines, vol. I. 1913. 
Marbut, C. F., "Geology of Morgan County, Missouri," Mo. Bur. of Geol. 

and Mines, vol. VII. 1907. 
Van Horn, F. B., "Geology of Moniteau County Missouri," Mo. Bur. of 

Geol. and Mines, vol. III. 1905. 
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Barite has been reported also from many of the counties in the 
northern part of the Ozark Plateau, where it is of mineralo^^cal 
rather than economic interest. 

Topography. — ^The district lies on the nortfiem or north- 
western slope of the Ozark Plateau. This slope, the Salem Plat- 
form, is now dissected, the greatest relief being along the Osage 
River, which cuts thru the region from the western to the east- 
tern side. As a matter of fact the dissection along the Osage 
River has been the determining factor in exposing the barite de- 
posits. This is due to the fact that the deposits are confined 
mainly to the lower geological formations and these have been 
exposed by the river. 

The topography is mature over most of the district. The 
streams have not developed flats of much size, not even the 
largest streams. The higher portions of the region have a rela- 
tively slight relief and are splendid agricultural lands, but the 
portions along the Missouri and the Osage Rivers and their 
larger tributaries are very rough, and not well adapted to agri- 
culture, although the large part of the acreage is so used. 

Drainage. — ^The Missouri and the Osage Rivers receive the 
drainage of the district, the major part going through the Osage, 
a large navigable stream with an extremely tortuous course. 
Other large streams are Moniteau and Moreau Creeks that drain 
into the Missouri, and the Niangua, Anglaize, Gravois, Saline, 
and Big Tavern Creeks that flow into the Osage. All the large 
streams are at grade and the small ones have steep gradients 
which enable them to handle the load of chert and gravel pro- 
duced by the weathering of the carbonate rocks. The majority 
of these streams have developed meandering courses. 

GEOLOGY 

The rocks of this district belong to the Cambrian (Proctor), 
Ordovician (Gasconade, Roubidoux, Jefferson City, and St. 
Peter), Mississippian (Burlington), and Pennsylvanian systems. 
The time interval represented by them is long, and much of it is 
represented by unconformities. The first four formations are 
regarded as of Cambrian age by some geologists, while others 
put the Jefferson City formation and part or all of the (jascon- 
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ade formation in the Ordovician system. The St. Peter sand- 
stone is Ordovician in age. 

The St. Peter formation and the Mississippian and the 
Pennsylvanian systems are not very widespread in the district, 
their outcrops being confined mainly to the northern part. 

A little barite has been reported from the Burlington lime- 
stone, but the deposits are of minor importance. The barite dig- 
gings that are of importance are associated with the Gasconade, 
Roubidoux, and Jefferson City formations. 

The rocks are all essentially horizontal, there being few 
notable departures from this position. Such simple structure is 
known to exist over a large part of the Ozark Plateau, broken 
here and there by slight folds or a few faults. There are some 
faults of 150 feet throw in the Gasconade formation, but only 
very small or broad and gentle folds are known. 

Since the barite is mainly in the Gasconade, Roubidoux, 
and Jefferson City formations the general characteristics of 
these formations only are given. 

The Gasconade formation. — ^The Gasconade formation, 240 
feet to 290 feet thick, is composed of beds of (1) cherty and 
non-cherty dolomite; (2) beds of chert; and (3) occasional beds 
of sandstone. Dolomite greatly predominates. The lithological 
features are uniform over a large part of the area, the principal 
variation being in the sandstone which occurs as a rule in lenses. 
The dolomite is crystalline, mostly gray in color, and with mas- 
sive beds alternating with thin ones. As a rule thin beds are 
finer in grain than the massive ones. The chert is in nodules, 
layers, and small masses, and as beds, some of which are several 
feet thick. A few of these beds are brecciated. The chert, which 
is disseminated, always occurs along certain beds in chert hori- 
zons. White is the predominating color, but some of it is also 
grayish-yellow, bluish- white, and even black (flint). Some 
oolitic chert occurs, especially in Miller County. 

The sandstone consists of well-rounded grains of quartz of 
medium size, such sandstones being principally in Miller County. 
Aside from the Gunter sandstone, the sandstone lenses are rarely 
more than two feet thick. The Gunter member at the base of 
the Gasconade ranges from 5 to 35 feet thick. It is composed of 
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well-rounded grains of quartz, is fine to coarse-grained, and usu- 
ally white or yellow in color with some red phases. It exhibits 
ripple-marks and cross-bedding. 

The sandy phases weather to a sandy soil and, as a rule, 
form ledges because they weather more slowly than the dolomite 
on each side of them. The thin-bedded dolomite weathers fast- 
est, but because of the large amount of chert the entire series 
weathers very irregularly. The result is a soil which is always 
some shade of red, in which there is more or less chert, the 
amount depending largely on the gradient of the surface on 
which it is accumulating. Ball and Smith state that in Miller 
Coimty the Gasconade soils are thin. The upper portion of the for- 
mation is relatively free from chert, hence the soils resulting 
from its decay are excellent for agricultural purposes. In places 
they are deep without containing any chert, as on the east branch 
of Gravois Creek. 

There seems to be an unconformity at the base of the Gas- 
conade in Miller County ; but Marbut suggests that this apparent 
unconformity may be due to the solution of the surface of the 
Proctor dolomite at its contact with the Gunter sandstone. There 
does not seem to be an unconformity between the Gasconade and 
the Roubidoux formations in this district.* 

The Roubidoux formation. — ^The Roubidoux formation con- 
sists of a very complex series of dolomite, cherty dolomite, chert, 
and sandstone beds. Most of the beds are not persistent. Their 
total thickness ranges from 70 to 160 feet. 

The dolomite ranges from fine to coarse-grained, but on 
the whole it is fine-grained. Marbut notes a change in the tex- 
ture from the rather coarse-grained dolomite in the lower part 
of the formation to the very fine-grained Cotton Rock at its top. 
As a rule, the lower portion is gray, of some shade, while the 
Cotton Rock (local name for the upper part of the Jefferson 
City) is yellowish to buff. The chert is distributed as in the 
Gasconade formation except that it is more abundant and may 
be in beds up to 30 feet in thickness. There is far more oolitic 
and brecciated chert than in the Gasconade formation. The 
chert ranges from dense white, gray, or black chert (flint) to a 
more or less porous material. Cellular and honey-combed masses 
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* 

are common. As in the other formations it is found consistently 
along certain horizons and in any of its ntmierous modes of oc- 
currence. The sandstone is in beds up to two feet or more in 
thickness. The texture is fine to mediimi-grained, with occa- 
sional conglomeratic phases. The quartz grains are well- 
rounded, as a rule. The conglomeratic phases contains many well- 
rounded fragments of chert. The sandstones are cemeted with 
silica, dolomite, and rarely with iron oxides. The quartz grains are 
covered with a coat of chalcedony, giving the beds an oolitic tex- 
ture. Ripple-marks, cross-bedding, and sun-cracks are common 
features. Sun-cracks are found also in the dolomite. The for- 
mation is evidently a shallow-water deposit. 

The structure of these beds is the same as that of the Gras- 
conade below. All the beds are essentially horizontal with a gen- 
eral northward dip, and are broken occasionally by small faults. 

The Gasconade grades upward into the Roubidoux without 
a break, so far as known. 

The Jefferson City formation. — The Jefferson City forma- 
tion is from 200 to 250 feet thick. It consists dominantly of 
dolomite ; contains chert nodules ; and in places is interstratif ied 
with thin beds of chert, sandstone, and shale. The dolomite is 
(1) very hard, dense, and fine-grained; or (2) soft, argillaceous, 
and arenaceous, as in the Cotton Rock; or (3) coarse, vesicular, 
and hackly. The Cotton Rock is very fine-grained and dense but 
relatively soft. It has an earthy texture and usually breaks with 
a conchoidal fracture. The color is white, gray, yellow, or buff. 
Most of the beds are only a few inches in thickness, and the 
weathered surfaces are very thin. The hackly, pitted dolomite is 
very uniform and persistent over most of the district. It is in 
beds five or six feet thick. The dense phase is represented by a 
few beds. 

The chert is much less abundant than in the formation be- 
low. It is in nodules, irregular masses, and beds. The beds are 
rarely as much as two feet in thickness and most of them are 
only three to six inches thick. The colors are the same as in the 
other formations. Oolitic and brecciated chert are occasionally 
found. As a rule, the nodular variety which is abundant in this 
formation is associated with the Cotton Rock. The nodules are 
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of various shapes but are characteristically flattened, many of 
them being one to two inches thick, eight to twelve inches long, 
and four to six inches wide. All the chert occurs along definite 
horizons. 

The sandstone beds vary from one inch to five feet in thick- 
ness. Usually they are thin and inconspicuous. They consist of 
well-rounded grains of quartz which are fine to medium-sized, 
the whole being usually well stained with iron oxide. In places 
they are well cemented; in other localities they are very friable. 
They contain chert at many points, and cross-bedding is common 
in them. The Jefferson City formation weathers to a red or 
brownish-red soil which contains considerable chert on the slopes. 
It is sufficiently deep over most of the outcrops of the Jefferson 
City to form good agricultural land ; in fact, it is the best soil de- 
rived from any of the formations in this area. 

The formation, as a whole, is horizontally bedded, although 
it is locally slightly folded, a feature that is very common in all 
the formations the writer has seen in Missouri. All these slight 
undulations are small and are doubtless the result of unequal 
shrinkage, aided by crystallization. 

The fact that these three formations are all conformable, 
have similar characteristics, and grade into each other suggests 
that they are in reality one formation, and that names have been 
applied to members only. The present names and divisions are 
inheritances from the work of Swallow, whose divisional lines 
were purely lithological. From what the writer has seen of these 
formations, they could all be included tmder one name, and then 
would present more characters of unity than many other forma- 
tions which have had their limits established through structural 
and faunal evidence. Subdivision is to be desired, but there 
should be reasonably definite lines of demarcation. 

There is a marked unconformity at the top of the Jefferson 
City formation. The shallow-water sea in which it was deposit- 
ed was changed to land which was eroded and then depressed 
sufficiently to receive the St. Peter sandstone. 

Summary, — These formations indicate shallow seas. The 
larger part of them is dolomite, but there is also much chert and 
some sandstone. All three formations contain these several sorts 
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of rock in varying amounts. The lenticular character of the 
sandstones is evidence of the shifting of the areas of deposition, 
while the sun-cracks, cross-bedding, and ripple-marks give ample 
proof of shallow water. The abundance of chert is significant 
in view of the absence of shale. This is, however, a characteris- 
tic of the Cambrian and Ordovician formation of the Ozark re- 
gion. 

ECONOMIC GEOLOGY 

MINERALOGY OF THE BARITE DEPOSITS 

The mineralogy of the deposits is comparatively simple. 
Only a few minerals are found with the barite. Sulfides, oxides, 
carbonates, silicates, and sulfates are the groups represented. 
The usual mineral asspciation is quartz, pyrite or marcasite, 
limonite (pseudomorphic after pyrite or marcasite), galena, 
sphalerite, and barite. While any one or all, save barite, may be 
missing at a given locality, these minerals are characteristic of 
the district. The most typical combination in the material mined 
is quartz, limonite, and barite. 

Sulfides 

The sulfides found are chalcopyrite, galena, marcasite, 
pyrite, and sphalerite. 

Chalcopyrite. — ^A small amount of this mineral was noted in 
a few localities in the district. A little was found at the Eye 
mine on the North Fork of the Fourche k Renault and also at 
the New Diggings south of Mineral Point. Considerable chal- 
copyrite is found in some of the barite diggings in Morgan and 
Cole Cotmties, especially where work is being done on veins. 

Galena, — ^Aside from the iron sulfides, galena, commonly 
known in the district as "lead" or "mineral," is the most abund- 
ant sulfide. It was discovered near Potosi and Old Mines about 
1720 and has been mined more or less continuously ever since. 
Some barite diggings do not contain any galena, but most of them 
contain at least an occasional specimen. In fact the major part 
of the district is covered with the old abandoned holes of the lead 
mines. Occasionally the barite miners find as much as 100 
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pounds of galena in the old diggings which th^ are now search- 
ing for barite. Very large masses of galena have been reported, 
but even small masses are rare todaj. The galena always shows 
evidence of attadc by ground waters^ and in fully half of die 
specimens seen there was a layer of gray or white cemssite 
around the galena. Wlicn it occurs in the day it rarely shows 
crystal faces. but» in the barite where it is protected from ground 
water. cry>>tal faces are retained. A Uuish tarnish is a very 
oxxunon feature of the galena found in die r e sidua l days^ The 
cube nKxlified by the octahedron is die p red nminatin g foim of 
cnrstaL Single ciystalsv five and six indies across^ are famid in 
outSing districts where only a small amoant of minin g has been 
done. Only a small anaount of galena is found with the barite 
in the vetzkk The galena is always later than the quartz and the 
iron sulf:\!es^ aod in all instances where it b famd with sfihal- 
erite thev jire cv>rt«:tporaneo«s. 

Jforcojicir. — \Iarcasite« now largely chaziged to ^■■"■■•^ and 
hmatire. b$ o?c::rr3oa in the discnct. As its detenrdnatiaB ss in 
piiirt d^><C!d<tr: u^xri tt^ cry^til ^?rT=^ socae Barcftshc nay have 
be«tx rLi^zsCdkxHr f>:r p>Ti^f. ifchi^:^: b osLYe aocsdini. Marcasifie b 
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the cavities in which it was deposited and its inner side is 
covered with crystal faces. Crystals, usually cubes modified by 
octahedrons an inch or more in diameter, are quite common. An 
interesting mode in which pyrite occurs is as stalactites. These 
may be four or five inches in length and up to one-quarter of an 
inch in diameter, although the majority are two or three inches 
long and about one-sixteenth of an inch in diameter. They are 
distinctly cylindrical and are usually hollow. The larger ones 
show distinct growth-rings. They are always pendant and are 
so close together as to resemble very closely the organ-pipe coral. 
A similar type of limonite occurs among the secondary iron ores 
of Missouri and is called "pipe-ore" because of this resemblance. 
In one or two places these stalactites were completely cemented 
along a plane thru which the stalactite passed. This plane of 
cementation was at right angles to the stalactites and suggests 
that the water level in the cavity stood at that point for a time. 

The pyrite is found to be later than the quartz when both 
minerals are present. It is always older than the barite. Its re- 
lationship to the marcasite has been discussed above. 

Sphalerite. — Sphalerite is found only in vein deposits. Here 
some large masses are found, but more commonly it occurs as 
smaller masses in a gangue of barite. Galena may accompany it 
but not in large quantities. At the Eye mine the sphalerite and 
pyrite are intergrown, in part, but more commonly the sphalerite 
is later than the pyrite. Rarely, the sphalerite occurs as small 
ruby crystals. Where sphalerite is j^tbundant pyrite is a minor 
associate. In some localities the sphalerite is disseminated thru 
the dolomite, replacing it. In all cases it is older than the barite. 

Oxides 

The following oxides were observed: quartz, chalcedony, 
chert, limonite, and hematite. 

Quartz. — Quartz is a common associate of barite. As a rule, 
only the barite found in the formations above the Potosi exists 
without it, but there are considerable areas in the Potosi forma- 
tion in which there is little quartz in immediate association with 
the barite. This may be either where the barite occurs in veins 
or where it is disseminated. The quartz, usually drusy and 
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nearly always contaiiuiig some chalcedony* has been deposited on 
the sides of the cavities and openings, which may later have been 
filled with barite. Some of the qoartz crystab are nearly one and 
a half inches in length and they range down to nmrate sires . 
There is a great deal of qoartz in beds in the Potoa, which upon 
weathering becomes associated with die residaal barite. The mass 
of fragments of dmsy qoartz widi die day is called "moory" by 
the miners. It is also known as gravel, bat the latter may indode 
fragments of diert, etc. Wliere veins approach or cross Aese 
beds the interstices in the drosy quartz are commonly filled with 
barite. The nomero us openings fomidi a convcmcnt place for 



CkijL'edony. — ^Tbe cryptocnrstalline, fibroos variety of 
qoartz known as chalcedony b a fi c qii e nt and UBmncw associate 
of the drosy qoartz. Alternate layers of chakedooy and qoartz 
is the dominant mode of occorrence. These layers are very dun; 
50 or more occur in three-quarters of an inch. The chakedony 
is Qsoa!!y the ftrst to be deposited, and. as shown in the weadier* 
ed specimens, preserves perfectty the rhombohedral lnnMii i t,% of 
the dotonirte crystals upon which it was depos ite d In a few 
cases there is a lavw- of chalcedonv immediatelv onder the sol- 
fides or bante. The chalcedonv is alwavs white onless it has 
been staii:ed by trcn oxides since we ath e rin g oot of the dolo- 
mite. There is an ihundarrce of chalcedcnv ociv in die Fttosi 
formation : rone is seen in the forrrratioa above »» 

Ch^^. — Chert is cot f\?crsd in Imm e dr a fre a aaoc i ati o n widi 
the barite. except \n the residua! deposits^ where it ha^ been a»- 
centrared by the weathering of the doiomite. It b more abond- 
xit in the Centra! chstrict where the barite occurs in the chertv 
Lower Crdcv^c-an forrrations. The barite digjrns:? in the Jef- 
ferson Grr f :rmar!on contain a ^reat iea! of dxer* 

I;m^>»•:.v — L:!m:n:te. dirk-br,"*n or almost biack. is very 
ccTnn!t?R in the barite i'^n^ of the Fvc.^si and Procter fonna- 
ticns. It .?ccttr5 is a 'a>'er tmder the harite arrd rang e s trom a 
thrn ?'m x^ in -nch .*r -ncre *n ± ck'^escs The !ar5er part of it 
is pseud' "nrcrprc after p'—ite an* -^^arrasite, hence ics 
tiini i< >?nT:'ar. I: *s 7i:s^:?Ie tha- >of^ ?f the *iniomte has 
depcsitBd vrrm ^'rrund wirer Xo specific instances of this 



J 



THE BARITE DEPOSITS OF MISSOURI 59 

noted. The limonite (locally called "iron") causes trouble in 
mining when it adheres to the barite. If much of the barite 
shows limonite, the diggings are abandoned. Some very large 
masses of limonite were seen in the Richwoods district. The 
color of the yellow soil is due to this mineral. 

Hematite, — Hematite is not very common in the barite de- 
posits proper, except that the red color of the clay in which they 
are found is due to it. Occasionally masses of limonite with a 
coat of hematite were found. This is a clear case of dehydration. 
The brilliant red color of the Potosi and Proctor residual clays 
is due to this mineral. They contain 12.04 per cent of ferric 
oxide, largely in the form of hematite. 

Carbonates 

The following carbonates were found: calcite, dolomite, 
malachite, smithsonite, and cerussite. 

Calcite^ — Calcite was never observed in the residual deposits. 
It is found in some solution or vein deposits. The most notable 
occurrence is one on Indian Creek where there are honey-color- 
ed crystals of calcite weighing SO pounds or more. Some of the 
crystals are well-developed, scalenohedrons, although limited 
space has often prevented facial development. In this occur- 
rence, part of the calcite was earlier than the barite and part was 
later. At the Eye mine some small crystals of calcite were found 
which were rounded scalenohedrons. When the veins are ex- 
posed to weathering at the surface the calcite soon disappears. 
Considerable calcite is found in some of the mines in the Central 
district. 

Dolomite. — Dolomite was not observed in the veins or the 
residual deposits, except in so far as it was a constituent of the 
surrounding rock. It lines a great many cavities in the dolomite 
some of which have been filled with barite. That this has been 
the case is shown by the fact that one surface of the barite has 
casts of the dolomite crystals. The barite under the clay is usually 
more or less mixed with a dolomite sand (the "sand rock" of the 
miners) which is the result of the disaggregation of the dolomite 
under the influence of weathering agencies. 

Malachite. — Malachite is found in small slender crystals, 
radiating clusters, and as a green powder. It appears at several 
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dig^Hngs in the district. In no instance does it amount to more 
than a bit of evidence that some copper is present in the deposit. 

Smithsonite. — Smithsonite in waxy botryoidal crusts on 
sphalerite. barite» and dolomite is quite common in those deposits 
which contain sphalerite. The crusts are seldom more than one- 
eighth of an inch thick. Smithsonite is especially abundant in 
the fine mines near Fletcher, Missouri. 

Ci^russite. — Cerussite is often found as a thin white to gray 
coating on galena. This is especially true where die galena is still 
in ckv^ association with the dolomite. 

SiHcaies 

Kaolin i$ the onW silicate that occurs with die deposits. 

A,*4vM*i. — Kaolin is^ of course, the diief coosdluent of die 
cIav aikI i:^ v^f varioos shades of red and rdlow from the iron 
o^xkte^ Nearer the surface it is black or gray from organic mat- 
ter It is very plastic and shows an e xc e pti o na l slirinlcage oo 
vtrvin^. It cracks irrefularhr with a coochoidal Ii^Om c De- 
|W ^4 J> t<^ thk4< ane fvHind in scene Wafiticsw 

!vjL--x ::v :V vV*V suV^-l^e fvHsrd in dae iEstrkt. 
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masses whose surfaces are covered with small, more or less di- 
vergent crests. Upon these there are still other very small groups 
of crests, usually about an eighth of an inch long. These cone- 
shaped masses are large and commonly weig^ 200 pounds or 
more. (PL VII, A.) They are nearly always found adjacent 
to the dolomite. Many of the massive pieces contain small cavi- 
ties lined with crested crystals. The size of the tabular plates in 
the various masses varies widely. In some of the small concre- 
tionary masses they are so small that the barite has an almost 
granular appearance, while in others the blades of the crests are 
several inches long. The so-called "chalk-tiff" is a finely gran- 
ular, porous variety of barite. "Ball-tiff" is concretionary barite 
which is finely crystalline, but in which the tabular faces are 
curved. 

Crystals of barite were found in only four or five places in 
the Washington Coimty district Many small but perfect crystals 
were found at the Eye mine. They occurred in a red clay. On 
the southwest quarter of Sec. 29, T. 38 N., R. 2 E., clusters of 
rather large but simple crystals were found. In the Central dis- 
trict crystals weighing several pounds were found in red clay in 
a cave at the Wilson diggings near Henley. (PI. IV, D.) They 
were all comparatively simple. The private collection of Mr. F. 
A. Sampson of Coltunbia, Missouri, was studied, but this also 
is composed of comparatively simple forms. Most of Mr. Samp- 
son's collection came from the Central district where especially 
fine crystals have been found. In the collection of the University 
of Missouri, there are many specimens of the unique barite crys- 
tals from Pettis County, Missouri, which have a white or opaque 
border, often nearly an inch wide (PL IV, E.) around a trans- 
parent to translucent interior. This white border was analyzed 
by Luedeking and Wheeler* and found to have the following 
composition : 

BaSO^ 87.2% 

SrSO^ 10.9% 

CaSO^ 0.2% 

(NHJ,SO, 0.2% 

H,0 2.4% 

*Luedeking, Charles, and Wheeler, B. A., Am. Jour. Sci., 3d series, 
vol. 4% p. 495. 
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The presence of the ammonium sulfate is unique. 

A glassy variety of barite was found in a cavity lined with 
crested barite near Richwoods. The barite occurred as small 
botryoidal aggregates, continuous with the edges of the crests. It 
is perfectly transparent and closely resembles hyalite. The small 
globules break with a conchoidal fracture. A cave at Morrill- 
ton, Franklin County, Missouri, is said to have furnished many 
very beautiful specimens of blue barite crystals. 

Barite has a hardness ranging from about 2.5 to 3.5 or 4, and 
a specific gravity of 4.5. The luster ranges from vitreous to 
resinous or pearly. Much of the "rosin-tiff* is a variety with a 
resinous luster. This barite has no value, as the reddish color 
which it has cannot be renx>ved in the bleaching process. This 
color is due to the iron oxides which impregnate At barite. The 
barite. as a r\i)e. is white, though some of the crystals are color- 
less^ Due to the in>n oxides in the clays, the barite in them is 
Alwav^ UH^re or le$:!^ stained. The colors range thru many shades 
of >tUow And bn>wn to ^hite. Opaque varieties are the best for 
UKVct of the u.se5 of hdrite. 

vKVVItllfcNCT OF THE BAUTE 



T^e^ are fvHxr v\H»*n\^ KXHle* of occurrence of the barite, 
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and the mine located near a shipping-point. The barite under 
these circumstances is to be considered as a gangue mineral. 

Croppings, — There are few croppings of the barite veins be- 
cause of the thick mantle rock in the region. They are generally 
found in the bottoms of the streams or along very steep slopes 
where there is very little, if any, soil. In neither instance are 
they sufficiently exposed to permit an extensive, detailed study. 
There are no surface features of importance on any of the crop- 
pings; the vein materials are merely uncovered by the streams. 
On the slopes fairly good sections of the deposits may be seen. 

Character of the veins. — The veins are apparently not very 
strong, altho they appear to be fairly extensive. Judging by the 
extent of the residual deposits, they are persistent in length, and 
appear to be quite numerous. How far down they extend is 
unknown. There are many small veins, ranging from thin sheets 
a few inches long up to two inches wide and ten feet long. 
(PL VII, B.) In some of the deeper mines of the region large 
masses of barite are found associated with sphalerite or galena at 
depths of 100 feet or more. 

Form and structure. — The veins are tabular but very irregu- 
lar along their outcrop. In spite of their irregularities, they have 
a persistent direction of strike, in general, nearly north and 
south. A few veins varied as much as 45** from north. The 
vrin material extends from wall to wall and usually is massive. 
Where quartz and pyrite or limonite are present, these minerals 
are deposited in the above order on the walls and give that part 
of the veins a banded appearance. Quartz alone may give a 
banded character to the vein. The divergent masses of barite lie 
at all angles. Cavities are of common occurrence in the veins 
and are always lined with crested barite. (PI. IV, A.). When 
sphalerite and galena are present they are either attached to the 
walls or to the previously deposited quartz or pyrite. The barite 
fills the remaining space. There are many branches shooting out 
from the small veins into the dolomite. These show by their 
irr^^lar shape and relation to the wall rock that they are largely 
replacements, the deposition of which probably began along fis- 
sures and fractures of the rock. A noticeable feature is the nu- 
merous small veinlets that are connected with these replacement 
branches. 
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Relation to the wall rock, — The vein material was deposited, 
in part, directly on the walls of the fissure and, in part, it re- 
places them. The veins are mainly filled fissures however, and 
rarely replacements. The cavity walls were irregular, due to the 
fact that they are often solution cavities. They are often lined 
with crystals of dolomite which are continuous with and inter- 
grown with the crystals of the dolomite of the country rock. The 
cavities were in existence before the deposition of the barite and 
other minerals and are not due to replacement. 

In a few instances a fault breccia cemented with barite was 
observed. These breccias were original and the open spaces af- 
forded a passage for the solutions which brought in the sub- 
stances. Specimens showing casts of these angular fragments 
are often seen. 

Geological distribution. — The veins are the most widely dis- 
tributed geologically of any of the deposits, as they occur in all 
the formations from the Potosi to the Jefferson City. They are 
most abundant in the Potosi and the Proctor formations and the 
Gasconade ranks next. They become less abundant in the higher 
formations. If there were more deposits in Morgan, Miller, and 
Cole Counties, where the vein type predominates, the upper for- 
mations, the Gasconade and Jefferson City, would be more im- 
portant producers of barite. 

Areal distribution, — Little can be said as to the actual areal 
distribution of the veins. Evidence was gathered which indi- 
cates that they are essentially continuous with the areas where 
residual barite is produced. In only a few instances were the 
larger veins seen, and then they were in the areas of residual ba- 
rite. The smaller veins are very numerous and are in the same 
areas as the larger ones, altho small sporadic veins may be seen 
almost an)rwhere in the upper part of the Potosi. 

Value, — Only a small production is made from the veins, 
because of the difficulty and cost in mining. They will become 
more important as the residual deposits are exhausted. 

Disseminated barite 

Barite is widely scattered thruout the Potosi formation and 
to a certain extent the Proctor also. It occurs as small masses of 
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very irregular shape and outline (PL IV. C) and in the same 
beds as the veins, altho it is not directly connected with them. 
The barite either fills the numerous small cavities which are so 
abtmdant in the Potosi and the Proctor formations or it replaces 
the dolomites. In both formations the disseminated barite is 
much more abundant near the larger veins. Because the small 
openings in the dolomites are so numerous, it is probable that 
these furnished the location for the deposition of the barite, but 
doubtless many were enlarged by the solutions and replacement 
deposits were produced. The distribution of the disseminated 
barite is almost identical with that of the veins, and from this it 
is to be inferred that these types of barite deposit are genetically 
connected. 

Cave deposits 

The presence of solution cavities in the Potosi and Proctor 
has been mentioned in the descriptions of these formations. In 
addition to these cavities which are filled with sandstone and 
conglomerate, there are some which are more or less filled with 
barite, calcite, and minor amounts of sulfides. Such cavities 
occur in the Central district in considerable numbers. 

Very little information was to be had about these caves be- 
cause only a small portion of any given one was exposed. The 
socalled "circle" near Henley, Missouri, is a cave deposit of ex- 
ceptional size. The open cut is now about 250 by 285 feet and at 
the steepest face about 30 feet high. The barite generally fills 
in the openings between large blocks of dolomite which lie at all 
angles to the bedding planes on the sides of the cave. These 
blocks are roughly cubical and may be 15 to 20 feet on a side. 
Partially filled openings contain a deep, extraordinarily plastic 
clay of a chocolate brown color, in which occur tabular crystals 
of barite weighing several pounds each. These crystals also are 
in large clusters weighing 200 to 300 potmds. The barite here is 
pure white and very free from iron. It occurs in masses up to 
ten inches thick and several feet long. (PI. VIII, A and B). 
Veins of barite dipping 60"* or more occur along the sides of the 
cave. They represent cracks developed around the circle by the 
caving in of the top. While there may be a good many of these 
caves in the Washington Cotmty district only a few of them were 
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found. The barite is deposited on the bottoms of the cavities, 
and where the cavity is not completely filled there is an abund- 
ance of crested forms. A globular mass 5 by 4 by 2 feet was ex- 
posed in one of these caves near Cruise. How much more was 
present is unknown. The order of deposition is the same as that 
in the veins, viz., (I) quartz, (2) pyrite, (3) galena and sphaler- 
ite (if present), and (4) barite. This invariable order over all 
the district points to uniform conditions during the deposition of 
the barite. None of the solution cavities seen, aside from the 
caves, were very large and the majority were only a foot or two 
across. They are not continuous along one plane but are nearly 
horizontal for a few feet and then follow an inclined or vertical 
passage to a lower horizontal plane. This is what would be ex- 
pected in so uniform a rock as the Potosi or the Proctor dolo- 
mite. Joints did not have a very important influence on the loca- 
tion of the cavities. The presence of these solution cavities in 
both the Proctor and the Potosi formations points to an uncon- 
formity between the Proctor and the Gasconade, as well as be- 
tween the Proctor and the Potosi. However, they might have 
been developed much later, as such solution cavities occur in the 
Jefferson City and other formations above the Proctor. 

Residual deposits of barite 

The residual type of occurrence is the most important type 
of all and has been the most important since the mining of barite 
began in Missouri, about 1870. This is because the barite is in 
more concentrated form in the residual clays and because it is 
also more easily extracted. 

Croppings. — It would be expected that a material which oc- 
curs in surface clays would be exposed wherever the slope of 
the surface was such as to permit the removal of much of the 
associated clay. Such croppings are not numerous at the present 
time in the areas that have been worked for barite for 30 or 40 
years, but in the outlying districts, as for instance that on Hazel 
Creek, on Wilson Creek (northwest of Potosi), and at Rich- 
woods, the barite is found at the surface. In many fields on 
slopes which have been tilled for 75 years or more, the barite has 
been r^arded as a nuisance, and has been more or less removed 
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along with the other stones, largely chert. Barite was seen in the 
surface material in wheat fields, com fields, and meadows. In 
many instances these surface deposits are 3rielding splendid re- 
turns to the owners, who are engaged in digging and hauling the 
barite to th^ market while the present high prices last. This 
surface barite sometimes appears in masses weighing 1,000 
pounds or more, but more commonly it is in small pieces averag- 
ing two or three pounds, with larger pieces fairly common. It 
differs in no way from that fotmd deeper down. 

Character of the residual deposits, — ^The residual deposits 
are the most important and extensive in the district. Probably 
98 per cent of the production of the barite comes from them. 
They are not all of equal value at the present time and neither do 
they all produce the same grade of barite, but these variations in 
production are largely the result of transportational factors. The 
grade of the barite produced in the outlying districts mentioned 
above is essentially the same as that produced elsewhere. Like- 
wise, the amount of the barite in these areas is about the same. 
In the old diggings the returns to the miner are much less than 
they were formerly, altho these diggings are being rapidly ex- 
tended into comparatively new adjacent areas. 

Form and structure. — Typically the barite occurs as loose 
fragments scattered thru a deep red clay, more or less mingled 
with drusy quartz and chert (PI. IX, A) ; or as rather large 
masses in the disaggregated dolomite at the bottom of the clay. 
In the Central district the residual barite is confined to the clay 
immediately over the dolomite. It really has the form of a bed- 
ded deposit, since the ore is widespread and is in the essentially 
horizontal surface clays. Its structure is also that of a dissemi- 
nated bedded deposit, as the barite is found scattered thru the 
clay. 

This clay is almost invariably a deep red color, almost pur- 
plish-black, in some instances, and in other places a lighter shade 
of red. The clay is remarkably plastic. It is very fine and is 
free from grit, in spite of the great abundance of drusy quartz 
present. This is significant in showing that the dolomite is quite 
free from quartz, except the drusy variety. Upon exposure to 
the air the clay shrinks greatly. This enables the miners to read- 
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ily remove it from the barite. After removal from the pits the 
barite is spread out on boards or on the ground and allowed to 
lie there in the sun for a daj^ or so, to thoroly dry it It is then 
cleaned by putting it in a "rattler," a small box on rockers with a 
perforated bottom, and by rocking it the clay is slowly knocked 
off. The very high degree of plasticity is significant as indicat- 
ing the presence of colloids. A part of the colloids might be fer- 
ric oxide, judging by the color. The following are several typi- 
cal sections taken in different parts of the area. They illustrate 
the structure of this material very well. 

On road east of Potosi 

1. Light to dark gray soil 5 to 10 in. 

2. Buff to tan clay 6 to 18 in. 

3. Pink to light red clay 6 to 12 in. 

4. Deep, dark red clay (may contain quartz or chert) 1 to 12 ft 

One and one-half miles north of Mineral Point 

1. Yellow soil 1 ft 

2. Light reddish clay 1 ft. 

3. Red clay with mingled fragments of barite and 

quartz 3 ft. 

Race track diggings, one and one-half miles northwest of Potosi 

1. Gray soil 1 ft. 

2. Red clay 2 ft 

3. Red clay and gravel (quartz and chert) 8 in. 

4. Red clay and barite 2 ft. 6 in. 

Section two miles northeast of Richwoods 

1. Black soil 1 ft 

2. Yellowish clay ("mulatto") 1 ft 

3. Red clay and gravel i f t. 

4. Dark red clay and barite 2 to 3 ft. 

Section in Mud Town diggings, east of Old Mines 

1. Yellowish soil g j^^ 

2. Yellow to red clay j f t, 

3. Dark red clay and barite 2 to 4 ft 
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The sections given above show the mode of occurrence of 
the barite as it was seen in thousands of holes in the district. 

Water is found in some of the diggings. In generally owes 
its presence to the gravel layers in the clay, or else it is found 
iust above the dolomite. 

There is a tendency for the barite to follow what the miners 
have very appropriately called "leads." A good lead of barite is 
conscientiously followed by them. These leads are apparently 
residuals from solution cavities or veins. That they might be 
from the former appears likely since they do not go downward 
except at intervals. However, the fact that the material in the 
lead may have been concentrated from a vertical dimension of 
many feet makes it appear just as probable that a vein furnished 
the barite. A drift three feet square usually includes all the 
workable barite. 

Relationship to the other types. — Due to its great insolubility 
the barite in the residual clays has accumulated with them as the 
dolomite was dissolved and carried away by the ground waters. 
The barite is in the dolomite in veins, disseminated masses, and 
cave deposits. During weathering the dolomite has been re- 
moved from the barite in all these different kinds of deposits, 
allowing the barite to accumulate along with the clay. The resi- 
dual barite has a very intimate relationship with the other types 
of deposits as it is dependent upon them. 

Geological distribution. — ^There is a remarkable persistence 
in the geological distribution of the residual barite deposits. In 
the Washington County district the barite is found only in the 
Potosi and the Proctor formations, and of these two formations 
the Potosi contains by far the greater part. The contact of these 
two formations passes through or adjacent to the best deposits. 
Further, the upper part of the Potosi formation contains these 
deposits more abundantly than the lower portions, altho the de- 
posits at Fletcher are well down in the formation. This feature 
is apparently due to the faulting and erosion already suggested 
as occurring in the Potosi. 

In the Central district the most important deposits are in the 
Gasconade, but the Roubidoux and Jefferson City formations 
also contain some barite. In all cases most of the barite comes 
from the residual clay over the formations. 
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Areal distribution. — The areal distribution of the barite de- 
posits in the Washington County district is the same as that of 
the Potosi and Proctor outcrops. Not all outcrops are overlain 
by barite deposits, however, for little barite is found in the lower 
part of the Potosi, except as noted above. The lower part of 
the Potosi formation found east of the Iron Mountain Railroad 
is nearly barren of any deposits. 

The most productive areas are as follows : ( 1 ) around Po- 
tosi and in the area to the northwest of the town ; (2) from the 
Potosi branch of the Iron Mountain Railroad north along the 
western and eastern sides of the railroad to Big River; (3) 
aroimd Shibboleth, Old Mines, and Racila; (4) on the Amaux 
branch of Mineral Fork; (5) around Kingston and up the Min- 
eral Fork for two or three miles above the village; (6) to the 
east and northeast of Richwoods; (4) around Fletcher on the 
Calico; and (8) on Hazel Creek, about 20 miles southwest of the 
barite district proper. 

Some of these areas have been worked since the beginning 
of the barite industry in this district, about 1870, and are still 
producing considerable quantities of barite. In the main they 
are the areas which are near the railroad. With the present high 
price of barite many of the old diggings are being reworked. Six 
or eight miles from the railroad the diggings are worked only 
when the price of barite is high, unless good roads for winter 
hauling are available. Such districts are Old Mines and Kings- 
ton. These areas still produce much good barite. The Rich- 
woods district, the Wilson Creek diggings northwest of Potosi, 
and the Hazel Creek district are as yet but slightly developed. 
They contain some excellent deposits which are unfavorably lo- 
cated for transportation. 

In the Central district, the mines on Gravois Creek south- 
east of Versailles are the most important. A small sporadic pro- 
duction comes from around Brouses in Miller County. Another 
area is to the northwest, west, and southwest of Henley. 

CONCENTRATION OF THE BARITE BY WEATHERING 

The present workable deposits of barite owe their origin to 
Ac ordinary processes of chemical weathering, aided to a certain 
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extent by mechanical weathering. Chemical weathering is de- 
pendent upon the relative solubilities of the materials attacked, 
and their differential removal produces a segregation of those 
substances which are the least soluble. The greater the differ- 
ence in solubility the more readily is the segregation brought 
about, and great insolubility means more complete concentration. 
The disturbing factor in the chemical concentration is mechanical 
erosion. If it is especially active, the concentration becomes a 
question of size and specific gravity, and upon a steep slope even 
these factors mean merely a retardation of complete removal. 

In discussing the origin of the barite deposits all these fac- 
tors must be considered. Barite is a very insoluble mineral of 
high specific gravity. Most statements of its solubility place it 
at 1 part in 400,000. Smith^ gives the molar solubility as .00013 
grms. Landolt-Bomstein-Meyerhoffer* give the solubility in 
water at 18.3** as 2.4x10-*. These figures show that barite has 
a very low solubility in water, and, therefore, this is a favorable 
factor in its residual concentration. 

The weathering 

The weathering of a rock is due to the combined action of 
mechancial and chemical processes. The mechancial agents are 
mainly temperature changes. These become less and less effect- 
ive as the thickness of the mantle rock increases, until they 
finally cease. Where the slope of the surface is sufficiently 
great for the water to remove the residual particles mechanically 
almost as fast as they are produced, the underlying rock is ex- 
posed more or less continuously and temperature effects are im- 
portant. Over most of this area there is a thick mantle rock, the 
result of the rather gentle slopes in the areas underlain by the 
Potosi and the Proctor formations. In a few places, usually 
those adjacent to the larger streams where erosion is more active, 
there is essentially no residtial clay. 

On the other hand chemical changes usually proceed slowly 
and are favored by a slow movement of the surface waters and a 

'Smith, Alexander, General Inorganic demistry. 
"Landult-Bomstein-Meyerhof fer, Physikalisch-Chemiiche Tabellen, p. 
223. 
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fairly rajnd movemcot underig^rouiKL Gentle sl(^)es with a less 
active lun-of f and a porous substratum greatly further chemical 
action. This action is aided by die piesence of a porous zone at 
the contact of the dolomite and day. There is much water in this 
zone and most of the miners avoid going to bed rock unless they 
find excellent barite there. Most of die mines are located on 
these areas of gende siopt. 

Aside from conditions of slope the chemical character of 
the material subjected to weathering is very important While 
aU minerals are more or less resistant to weathering, certain ones 
are e^»ecially reastant to the ordinary ground water solutions. 
Some of these are kaolin, iron oxides, barite, and quartz. On 
the other hand, the carbonate minerals are comparatively soluble, 
eqiedally in bicarbonate solutions. This is the dominant type of 
solution in the region under discussion, and, as the rock associ- 
ated with the barite is dolomite, it is readily attacked by such 



If the surface of the dolomite were ciqwsed, mechancial 
forces in breaking up the rock would aid die egress of the solu- 
tions. The solutions would also take advantage of the joints 
which had been caused by deformative earth movements or 
original changes in volume during the coosolidaticn of the rocks. 
Under such favorable conditions diemical weathering should 
proceed rapidly, but as soon as sufficient mantle rock had accu- 
mulated the entire process would be diecked. As die water re- 
moved more and more of the dolomite die accumulation of the 
insoluble partides, kaolin, quartz, etc, would proceed until a 
thick deposit of clay would result Thru it would be scattered 
any fragments of insoluble materials that were in the dolomite. 

In the Washington County area the solnticms attacking the 
dolomite first dis^lve the smaller, more readily soluble grains. 
The loose larger grains and the friaUe rode resulting from such 
action are called '*sand rock" by the miners. Its granularity is 
suggestive of such a rock. 

As noted above» when water is present it is rather consist- 
ently found at the ciwtact of the clay with the dolomite. Some 
occurs in the usual gravel layers in the day, but the larger part 
moves alonf the contact. Thus the zone of greatest solvent ac- 
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tion is at the surface of the rock to be removed. While there 
are enlarged joints and fissures which extend downward into the 
dolomite a considerable distance, the action of the ground water 
is confined to the exposed surface of the dolomite. At a distance 
of a few inches from this friable, granular dolomite, solid, per- 
fectly fresh dolomite is found. This shows also the degree of 
imperviousness of the dolomite. It was found that there was 
1.94 per cent of insoluble material in the dolomites (exclusive of 
the Elvins), the most of which enters into the residual clays. The 
chert, quartz, barite, etc., in the dolomite remain behind and soon 
become an essential part of the residual mantle rock. The deep 
red color of the residual clay is due to the complete state of oxi- 
dation of the iron in the dolomite. This color of the clay is in 
part confirmatory of Steidtmann's* recent statement that dolo- 
mites contain isomorphous ferrous oxide. However, careful tests 
showed that there was no ferrous iron in the Potosi dolomite. 

As these materials are brought nearer the surface by the 
erosion of the overlying material they pass into the zone where 
temperature changes are effective and there the larger fragments 
are slowly disaggregated into the smaller pieces which are usually 
found. Thruout the district the largest masses of barite are 
found adjacent to, or still in the bed rock, while higher up small- 
er fragments are the rule. The same is true of the chert. 

Source of the barite 

That the barite in the residual clay was derived from the un- 
derlying dolomite is proven by many facts. The following are 
the most important of these lines of evidence: 

( 1 ) On the steeper slopes where the veins are exposed, or 
partially exposed, the material whidi had accumulated on the 
surface in the few pockets of clay was identical with the barite 
in the vein. Absolute proof was shown in these instances. 

(2) Many pits have been sunk to the dolomite, following 
the barite downward, and the barite in the dolomite is found to 
be identical with that in the clay in every way, save size, that in 
the dolomite being in larger masses. 

(3) The barite and quartz in the clay usually show casts 
of dolomite crystals. This proves that they were deposited on 

*Steidtman, £., Science, vol. H P. 56. 1916. 
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the dolomite, which has since been removed by solution. There 
is no evidence that the solutions attack the barite, for it shows 
the typical crested forms and perfectly smooth lustrous cleavage 
faces when the clay has been removed. Likewise, the quartz 
shows no evidence of solution. 

(4) The breccias furnish proof of the former relationship 
of the barite and the dolomite. Where barite has cemented brec- 
cias and they have been exposed to weathering, the dolomite has 
been removed, leaving the sharp outline of the dolomite fragment 
in the barite (PI. III., C). 

(5) The rudely Unear distribution of the barite mines sug- 
gests that the barite was derived from an underlying vein. The 
"leads" are very spotty ; one man may be getting out fine barite 
while his neighbor a few feet away finds only poor material. 
This suggests derivation from a vein. 

(6) The fact that the barite still retains the pyrite (usually 
limonite now) or quartz on which it was deposited is evidence 
that it was derived from the veins, for the order, whether both 
are present or not, is always the same as in the veins. 

(7) That the barite, quartz, etc., have developed in the 
clay is improbable for the following reasons: (a) The clay is 
remarkably plastic and impervious ; thus, the passage of solutions 
thru it would be almost impossible, (b) The barite does not 
show any signs of enlargement, such as inclusions of clay, or 
changes in form from that found in the veins, (c) It is well 
known that barium salts are absorbed by plastic clays, and it is 
therefore unlikely that they could have migrated thru the clay to 
the centers of crystallization, (d) It is still more unlikely that 
the order of deposition of the quartz, pyrite, and barite would be 
the same in the clay as in the veins. 

In this connection it is important to note that in the other 
barite deposits in this country, in Virginia, Pennsylvania, North 
Carolina, Georgia, New Jersey, Tennessee, and Kentucky, the 
first deposits worked were residual accumulations in clay. Be- 
low these surface deposits, in most instances, veins or vein-like 
masses were found. In most of the states mentioned the main 
production is now from these veins. In the Canadian deposits 
veins have furnished the barite from the surface down, because 
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any residual material once there has been removed by the Pleis- 
tocene glaciation. 

Conclusion as to concentration by weathering 

The present workable deposits of barite are found in a deep 
red clay, which was derived from the underlying dolomite thru 
the normal process of chemical weathering, aided by mechancial 
disintegration. 

That the barite and associated minerals were derived from 
veins and replacements in the underlying dolomite is shown by 
the close similarity of the features of the materials in the veins 
to the features of the materials in the clay. 

ORIGIN OF THE BARITE 

CONCENTRATION FROM THE SURROUNDING ROCKS 

Chemical and mechancial weathering will account only for 
the concentration of the material in the residual clay. The fun- 
damental question is, what was the origin of the barite in the un- 
derlying formations which in this case are carbonate rocks ? The 
suggestions for the origin are reducible to two propositions: (1) 
the barium was concentrated from the surrounding rocks and de- 
posited in the veins, caves, etc. ; (2) the barite was deposited by 
deep-seated solutions as veins, replacements, and cave deposits. 
These suggestions will be discussed in the order mentioned. 

Ever since the study of ore deposits began, there has been 
one school of geologists who have believed that the surrounding 
rocks have furnished at least a large part of the materials found 
in the various veins, replacements, etc. The list includes the 
names of most of the leading geologists of the past and many of 
those of the present day. Many have held that this was the domi- 
nant process in the concentration of our metallic and non-metal- 
lic mineral deposits ; others recognized that there were limitations 
to the theory and believed that some deposits, especially of the 
metals, were best explained as having been formed from solutions 
rising from considerable depths and probably originating from 
igneous rocks. There are those who believe that this is essen- 
tially the only means of deposition. 
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Most men at the present time believe that many metallic de- 
posits are more or less directly related to igneous rocks; the non- 
metallic deposits are still commonly thought to have been concen- 
trated by meteoric waters. Barite deposits belong in the latter 
class. Essentially all who have studied them have advocated 
their concentration by meteoric waters. Lindgren includes the 
barite deposits in two different divisions in his "Mineral De- 
posits." One type he puts with those deposits which are concen- 
trations from surrounding rocks. Here he places most of the 
economically valuable deposits. Before taking up the evidence of 
such an origin, it will be worth while to sunmiarize briefly the 
prevalent views as to the origin of barite deposits. 

Professor T. L. Watson* has given much time to the study 
of the barite deposits of the Appalachian region from Virginia to 
Georgia. He recognizes the residual type of the surface clays; 
and below, veins and replacements, often of large size. He con- 
cludes that the barite has originated by the concentration of the 
barium salts from the surrounding rocks. Various sulfides are 
found with the barite and in some instances are sufHciently 
abundant to mine, while the barite is not saved. All are thought 
to have been derived from the adjacent rocks. 

Hayes and Phelan* concluded that the deposits at Carter- 
ville, Georgia, were concentrated from the limestone. Stose* is 
of the same opinion as to the origin of the barite at Waynesboro, 
Pennsylvania. C. H. Warren* describes the barite deposits at 
Five Islands, Nova Scotia, and concludes that they are due to so- 
lutions which obtained their barium from the surrounding, and at 
one time, overlying rocks. 

Winslow and Buckley both concluded that the barite in Mis- 
souri was concentrated by descending waters which gathered the 
barium from the dolomite and limestone of the area. Ball and 
Smith*^ believe that the lead and zinc deposits of Miller County, 
Missouri, are- due to descending solutions which obtained the 

"Watson, T. L., Mineral Resources of Virginia, pp. 305-327. 1907. 
"Hayes and Phelan, Bull. 340, U. S. G. S.. p. 458. 1908. 
■Stose, G. W., Bull. 225, U. S. G. S., p. 515. 
•Warren, C. H., Econ. Geol., vol. 6, pp. 799-807. 1911. 
'Ball and Smith, "Geology of Miller County, Missouri," vol. 1, pp. 
148-188. 1907. 
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metals from the surrounding rocks. Since barite is a very com- 
mon ganguc mineral, they would presumably advocate a similar 
origin for the barite, altho they make no such specific statement. 

W. S. T. Smith* in his paper on the lead, zinc, and fluor- 
spar deposits of Kentucky mentions barite as an important gan- 
gue mineral. He decides that all the substances in the veins were 
derived from the adjacent rocks. 

Dickson,^ after a series of careful analyses of the associated 
rocks, concluded that the barium in a vein in a quarry near 
Kingston, Ontario, did not come from the adjacent limestone, 
which showed only a trace of BaO, but that it came from the 
weathering of some igneous rocks on the surface that had a high 
percentage of barium. 

This short summary of the conclusions of the various geol- 
ogists who have studied barite deposits indicates that the preva- 
lent beliefs are that the barite has been derived from the sur- 
rounding rocks. In order to examine this critically, and determine 
if possible, how adequate meteoric waters are to cencentrate 
barite, it will be necessary to go into considerable detail as to the 
source of barium and the means of transporting and precipitat- 
ing it from solution. 

Source of the barium 

Qarke' gives the following figures for the amount of barium 
in the various sorts of rocks in the lithosphere. The average of 
793 determinations of BaO in igneous rocks was ,102% ; in ele- 
mental form .092%. Seventy-eight shales had an average of 
.05% of BaO; 253 sandstones .05%; and 345 limestones showed 
none. Also a composite analysis of 498 building limestones 
showed no barium. Clarke gives the figure .09% as the weight- 
ed average for the lithosphere. The absence of barium in the 
composite analysis of the limestones should be noted. 

The various geologists who have worked with the barite de- 
posits have usually analyzed the adjacent rocks in an endeavor 
to find the source of the baritun. Following are some of the re- 

•Smith, W. S. T., P. P. 36, U. S. G. S., pp. 150-154. 1905. 
'Dickson, C. W., School of Mines Quart., vol. 23, pp. 266-270, 1001- 
1002. 

■Clarke. F. W., BuU. 616^ U. S. G. S., pp. 27-34. 
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suits. These are the only instances that could be found where 
barium has been shown to occur in limestones or carbonate rocks. 
Winslow* gives the following analyses, made by J. D. Rob- 
ertson: 

Magnesion limestones (Cambrian) 
Locality Percentage of BaSO^ 

1. Pettis Coimty, near Smithton 0017 

2. Pettis County, near Smithton 0020 

3. St. Francois County, Desloge Mine 0040 

4. St. Francois County, Desloge Mine 0050 

5. St. Francois County, railway tunnel, Valle Mines. . .0011 

Average 00246 

Lower Carboniferous limestones 

7. Jasper County, Carthage quarry 0022 

8. Jasper County, Carthage quarry 0020 

9. Jasper Coimty, Joplin, bluff on Turkey Creek 0047 

10. Jasper County, Joplin, bluff on Turkey Creek .0049 

11. Jasper County, Webb City, near Sucker Flats 0037 

12. Jasper County, Webb City, near Sucker Flats 0049 

13. Lawrence County, one-half mile south of Aurora. . .0012 

14. Lawrence County, one-half mile south of Aurora. . . .0008 

15. Pettis County, Sedalia quarry trace 

These analyses, all having less than .005 per cent BaSO*, 

show how small an amotmt of this substance occurs in some of 
the limestones and dolomites of Missouri. 

In order to determine whether there was any barium in the 
Potosi, Proctor, or Gasconade formations of the Washington 
Coimty district, very careful qualitative tests were made of these 
formations and not a trace of barium was found. This is con- 
firmatory of many other analyses made for this purpose. It also 
indicates that the source of the barium in the Missouri deposits 
must be looked for outside of the surface rocks of the region. 

A limestone, described by Ransomc,* from the Rico district, 
Colorado, shows a trace of BaO. Smith* reports .02 per cent 
BaO in the St. Louis limestone from the northern part of Crit- 

•Winslow, Arthur, Mo. Gcol. Sur.. vol. 7, pp. 480-481. 18M. 
'Ransome, F. L.. 22d Ann. Rcpt., U. S. G. S., Ft. 2, p. 283. 
'Smith, W. S. T., op. cit. 
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tenden County, Kentucky. He reports the analyses of three 
Other limestones in which no barium was found. Watson' gives 
the following analyses of limestones from Campbell and Pittsyl- 
vania Counties, Virginia: 

I II III 

BaSO^ .62% .65% 1.62% 

I. Crystalline limestone from Hewitt mine, Campbell County. 
II. Crystalline limestone from Hewitt mine, Campbell County. 
III. Limestone from Ramsay mine, Pittsylvania County. 
It is evident that the bariimfi sulfate in the above rocks was intro- 
duced into them from the outside, because such amounts of 
barium sulfate are not found, even in igneous rocks. This con- 
clusion is strengthened by the fact that the samples were taken 
from barite mines. The presence of metallic stdfides near a vein 
or ore body would be interpreted by most geologists as due to re- 
placement by the mineralizing solutions. The writer believes this 
applies here. Watson reports a trace of BaO in a black clay 
from which some of the barite is mined. Most of the barite in 
this locality occurs as lenses in limestone which is interbedded 
with the black clay and some chists of various sorts. 

Dickson* found only traces of barium in the dense limestone 
adjacent to a barite vein at Kingston, Ontario. In the weathered 
portion of the limestone and in the soil, which is in part glacial, 
he obtained from .03% to .09% of BaO. Igneous boulders on 
the surface gave from .11% to .30% BaO, a marked difference 
from the amotmt in the limestone. 

These figures show that limestones at the best contain but 
a small amoimt of baritmi and that the vast majority of them do 
not show any at all. Lindgren" suggests that, when limestones 
are more carefully analyzed, barium as well as other minor acces- 
sory constituents will be found. This appears doubtful because 
the result of recent analyses fail to show any barium, and at 
present the chemical analysis of limestones and dolomites is very 
accurately done. 

The other two common sedimentary rocks, shale and sand- 
stone, show considerable amounts of barium, but these rocks are 

"Watson, T. L., Min. Res. of Va., pp. 316-317. 1907. 

^Dickson, C. W., jbid. 

"Lindgren, Mineral Deposits, p. 230. 
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rare in the Missouri barite region; sandstone, tho more abund- 
ant than shale, is very subordinate to the dolomite. Many analy- 
ses of shales, sandstones, and day were found, the average BaO 
content being about .05%. Slates and quartzites also contain 
barium as would be expected. Watson* reports the unusual 
amount of 4.46% BaSO^ in the Weisner (Cambro-Ordovidan) 
quartzite. Certainly this barite must have been introduced into 
the rocks, 

Failyer* studied the soils of the Great Plains and found that 
they all contained small amounts of barium, on the average about 
.06%. The maximum was .11% and the minimum .01%. The 
source was traced to the feldspathic pdMes in the gravel, ^idiich 
had been largely deri\-ed from the Rocky Mountains. Many 
other soils were examined and almost every otie was found to 
contain barium. The exception was a highly calcareous day. 
This exception is wt>rthy of note in view of the general absence 
of barium from fimestone. 

Igneous Todcs almost uni\'ersally contain barium. Clarke 
gives as the average .102f^ of BaO. Rods high in potash and 
low in silica are generalh- high in BaO» according to H. S. Wash- 
ington.* The amount of barium in some cases readied ^80%, for 
example* in the rocks from the Leudte Hills* W y o mi ng. This 
statement is in keeping with the fact that die onhr important 
pvrogenetic barium-bearing mineral is cdsian. BaAl^i,0„ wfaidb 
is isomorphous with potash feld^^ar. Analyses of potash fdd- 
spar usua3y show some BaO. Btotite may also contain some 
barium. ^\l^sIo\\-• states that haritma is much more abondant in 
the igneous rocks of Missouri than tn the dokmitcs and Bme- 
stones* bat imfortxjRately he does not give the percentages. The 
conclusion reached is that i^rwous rocks are a far more adequate 
source of harixcn than ary of the seifitrsentanr rocks, especially 
liztsestcoe and do*omte. 

TxNcr. O- H. *BaL--'ja» « Set**.* B<:r»B ot SodsL 
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Method of concentration 

Practically ail geologists dealing with the subject assume 
that ground water is the transporting agent for the barium. The 
ability of ground waters to transport barium depends upon their 
solvent power for the barium salts in the rocks, and their ability 
to find a passage thru the rocks in order to reach the barium. 

Solubility of barium salts. — Barium sulfate is the most in- 
soluble salt of barium known to occur in the rocks. Its solubility 
is generally stated as 1 in 400,000 parts of water. Certainly this 
solubility is increased by the presence of alkaline bicarbonate and 
by carbon dioxide in the water, but how much is tmknown. That 
it is not a very important increase is shown by the lack of evi- 
dence of solvent effects upon the barite found in the surface 
rocks, where such solutions are probably most abundant and ef- 
fective. P. Carlos* proved that alkaline carbonates with an ex- 
cess of CO2 could hold barium in solution in the presence of sul- 
fates. The waters in most carbonate rocks are of this type, but 
whether they are of sufficient strength to attack and remove the 
barite is to be doubted for reasons given later. Some men have 
reported having fotmd barite which showed signs of leaching, 
but these cases might have been the very irregular surfaces pro- 
duced by the removal of minerals and rocks to which the barite 
was formerly attached. It was fotmd that these irregularly pit- 
ted surfaces on the Missouri barite represented casts of minerals, 
and in one case casts of pieces of rocks. 

Some men have suggested that barium exists in the various 
rocks as the carbonate. If this is the case it should be found fre- 
quently in limestones and dolomites, and this is not true. Clowes* 
states that a sandstone (Keuper in age) at Beeson Hill, Notting- 
ham, England, contains BaCOg. This is the only instance where 
the bariiun salt in a rock was actually found to be the carbonate. 
It is rather strange that it does not occur more commonly as its 
solubility also is very low ; 100 grams of water at 18' C. dissolve 
.0023 grams of barium carbonate. The reason for this common 
occurrence of the sulfate, rather than the carbonate, lies in the 

*P. Carlos, Jour. Chem. Soc. Abst., vol. 80. Pt. 2. p. 506. 1901. 
"aowes, F., Brit. Assoc. Adv. Sci., p. 594. 1889. 
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fact of the great insolubility of the former, so that when it is pos- 
sible for either salt to form it is always the sulfate which forms. 

The fact that barium chloride is very soluble in water prob- 
ably explains the presence of barium in strongly saline solutions. 
It is possible for barium to be transported in such waters in the 
presence of sulfates as is shown by the analyses of brines. 
Clarke' cites an analysis of a brine from a well at Pomeroy, Ohio, 
which contains .21 per cent of Ba. Other analyses of chloride 
brines are given in the same bulletin on pages 184 and 186. It is 
interesting to note the percentages of baritmi in these waters. 

SO4 78 12 02 

Ba 01 08 42 76 

Three chloride waters from New York, two from the Sara- 
toga Springs and one from an artesian well at Ballston, contain 
small amounts of barium, as is shown by the partial quotation of 
the analyses below. These waters contain also a large amount 
of CO3. Ntmibers one and two are from Saratoga and ntunber 
three is from the well at Ballston. 

1 2 3 

CI 42.00 42.42 41.95 

SO^ 08 04 

CO. 18.59 19.28 18.66 

Ba 09. 0.12 06 

Bischof* gives analyses of three brines from deep wells 
along the Alleghany River, which show from .91 to 1.25 per cent 
BaClg. P. Schweitzer found barium sulfate in a sulfate water 
from Moberly, Missouri, and also from a chloride water from 
Saline County, Missouri. 

These analyses have been given to show that a few mineral 
waters contain barium and that it is most commonly found in 
chloride waters. Acid, carbonate, or sulfate waters rarely, if 
ever, contain any barium. 

The great insolubility of barite and witherite, and their 
scarcity in all types of sedimentary rocks, especially carbonate 
rocks, makes it extremely improbable that bariiun could be ob- 

•Qarke, F. W., Bull. 616. U. S. G. S.. p. 182. 

*Bi8chof, GusUve, Chcm. and Phy. Gcol., vol 1, p. 377. 18S5. 
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tained from the surrounding rocks in sufficient quantities to 
form such large deposits as are found. Its transportation by 
chloride waters is a possibility, but its scarcity in such waters in- 
dicates how small the amount available in the rocks usually is. 

Permeability of the rocks. — In order that such minute quan- 
tities of barium as exist in the rocks could be concentrated it is 
essential that the solutions be able to reach them. The porosity 
of the rock must be taken into account. Unforttmately, there 
are no determinations of the porosity of the Potosi or the Proc- 
tor, but judging by the large openings scattered thruout the rocks 
it is about 8 to 10 per cent. But this porosity does not represent 
the ability of the water to move thru the rock, for the large 
openings are disconnected and, therefore, the true permeability 
of the rocks is that of the dense, crystalline dolomite. This must 
be fully the equivalent of the permeability of granite, or about .5 
per cent. This difference between permeability and porosity is 
not generally recognized and porosities are taken that are com- 
monly too high. 

Recent experiments made by a graduate student under the 
writer's direction show that pressures of 1500 pounds per square 
inch will not force water thru a limestone with a porosity of .5 
per cent. A pressure of 2800 pounds per square inch broke the 
rock but failed to force any water thru it. 

Actually the movement of water thru rocks is mostly along 
the divisional planes and not thru the body of the rock. The evi- 
dence to support this contention is to be seen on every hand in 
the field. The irregular erosion surface of all rocks is seen to be 
related to the joints and fissures in the rock. The development 
of solution cavities of all sizes begins along such openings, altho 
by enlargement they may later come to be disregarded. It is 
sometimes stated that the bedding planes are the principal pas- 
sage for solutions, especially in carbonate rocks. This statement 
should be modified, because the bedding planes in carbonate 
rocks are marked by clay partings, and clay is relatively imper- 
vious. If the formations have undergone a certain amotmt of 
deformation the partings along the bedding planes probably be- 
come more or less accentuated and are to be included in the 
larger divisional planes along which the materials may be carried. 
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Since the actual circulation of the water is confined to these 
openings, the solvent power of the water is restricted to the sides 
of the passages, a greatly limited amount of rock as contrasted 
with that ordinarily assumed to be affected in such considera- 
tions. That this is actually the case is proved, as rock absolutely 
fresh and unaltered is found to within a fraction of an inch of 
the joint. Even at the surface where solutions have their great- 
est opportunity of attacking and penetrating the rock they rarely 
penetrate it for more than a quarter of an inch. The dolomite 
under the clay in the barite pits is disaggregated to a depth of a 
few inches at the most. Many instances were noted where sul- 
fides occurred adjacent to the joints, yet were wholly unaltered. 

When the actively circulating waters above ground water 
level are unable to penetrate and alter the rocks more than a frac- 
tion of an inch, the slowly moving waters below ground water 
level will certainly attack them much less. The movement is so 
slight that the small vugs are usually without water in them, even 
above ground water level where the circulation is fastest. 

It does not seem that ground waters are adequate to concen- 
trate such small traces of barium salts as might exist, since they 
are able to reach only the portions of the rock adjacent to the 
joints. Also the above analyses show that the rocks in this vici- 
nity contain almost no barium. 

Deposition of the barite. — If the barium is transported in 
solution as the sulfate there is no need to seek for a source of 
the sulfate. This is an improbable means of transportation, how- 
ever, as ground waters have little power of transporting barium 
sulfate. 

It is more likely that the barium is carried as the carbonate 
or the chloride, probably the latter, as is shown by the analyses 
above. If it is transported as the carbonate it was probably al- 
ready in existence in that form. In any case it becomes neces- 
sary to accoimt for a sulfate radical in the vein solutions. If the 
vein contains a sulfate radical, it would react with some barium 
salt, if present, and produce barite. Or, it might be assumed, 
that the oxidation which produced the limonite so commonly 
found with the barite formed the sulfate radical which united 
with the baritun. But, since the barite was deposited on the 
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pyrite, the oxidation of the latter did not furnish the sulfate radi- 
cal. As a great many veins and most of the disseminated barite 
are not associated with any sulfide whatever, some other source 
for the sulfate must be sought. 

The ordinary carbonate water contains a small amount of 
the sulfate radical, a part of which may be derived from decay- 
ing organic material at the surface (all organisms contain some 
sulfur) and a part from the breaking down of sulfides in the 
rocks. Such minerals are almost always present, but generally 
in very small amounts. Their alteration means the production of 
sulfates and possibly of hydrogen sulfide. 

This sulfate radical would, if barium were present in the so- 
lution, unite with it because of the low solubility of barium sul- 
fate. This would permanently remove the sulfate radical from 
solution, and prevent any further participation in the reactions in 
that vicinity. 

Certainly the amount of sulfate likely to be present in these 
solutions is sufficient to form barium sulfate from all the barium 
in the carbonate rocks. But, as has been pointed out, there is not 
sufficient barium in the rocks to form the large deposits of the 
district, and likewise the amount of sulfides in the rocks is 
probably insufficient to produce anywhere near the amount nec- 
essary to furnish the sulfide radical which has gone to form the 
sulfides occurring in the veins. 

Conclusions concerning the barite 

The Missouri barite deposits are believed not to have been 
formed by concentration from surrounding rocks, for the follow- 
ing reasons: (1) carbonate rocks, the dominant type in this 
area, have been shown to contain no barium, save in rare in- 
stances where it is not certain that it was not actually introduced 
into the rocks by later solutions; (2) the waters in such rocks 
are dominantly carbonate waters which are poor solvents for 
barium salts; and (3) the rocks of the region are of very low 
permeability, save along the divisional planes where the activity 
of solutions is confined to the immediate walls. 
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The other minerals of the deposits 

The above discussion has been confined entirely to the barite 
since it is necessary to account for the presence of that mineral. 
But the theory which accotmts for the concentration of the barite 
must also account for the presence of the quartz, pyrite, mar- 
casite, galena, and sphalerite as well as the minor amounts of 
chalcopyrite in the deposits. To discuss each of these in detail 
is impossible in this paper, but the application of the above prin- 
ciples to these minerals in a group may be made. 

The source of the minerals. — The quartz could have come 
from almost any of the formations in the region, save the Proc- 
tor, as all but it are decidedly siliceous, that is, they contain a 
great deal of chert. The presence of the iron sulfides is not so 
readily explained, but essentially all kinds of sediments contain 
these sulfides in varying amounts. They are commonly primary 
constituents of the rocks. Small quantities of lead, zinc, and cop- 
per are present in the formations, as shown by Robertson's analy- 
ses made at the same time that he determined the barium content 
of the limestones and dolomites. 

The following are his averages: 

Percentage Percentage Percentage 
of zinc of lead of copper 

Igneous 00901 .00397 .00590 

Cambro-Ordovician limestone and 

dolomite 00425 .0009 .00128 

Mississippian limestone in Mis- 
souri 00104 .00115 .00202 

These figures are of about the same order as those for the 
amount of barium present. With such minute amounts it would 
appear difficult to concentrate them. The problem is less diffi- 
cult in the Washington County district than in the Central dis- 
trict, because in the former there is less galena and sphalerite in 
the deposits and also because barite predominates in the veins. 

Transportation, — The chemistry of the transportation is 
hypothetical, as can be seen by consulting the reports of Bain, 
Smith, Siebenthal, and Buckley and Buehler on tiie Joplin dis- 
trict ; of Buckley on the southeastern Missouri deposits ; and of 
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Other writers on similar types of deposits. The common belief is 
that the transportation of the metals is possible, and this method 
is used in explaining the origin of the deposits. 

As to the adequacy of solvents it is commonly held that sill* 
ca is transported in undergrotmd solutions by alkaline carbonates. 
If such be the case, the character of the solutions in 
these rocks is such as to favor the solution and transference of 
silica. But the concentration of the qtiartz as a part of the resi- 
dual material, even while in the process of concentration it is 
constantly bathed in an alkaline carbonate solution, is strong evi- 
dence against such a conclusion. 

The same question of the ability of the solutions to penetrate 
the rocks when their circulation is so confined as to allow them 
to act only upon the thin layer adjacent to the divisional planes, 
is applicable here as it was in the case of the baritun, and the con- 
clusion must be the same : that it is improbable, if not impossible. 

Deposition. — A further bit of evidence against this mode of 
deposition is suggested by the discussion of these other minerals. 
They must be removed from the country rock and deposited in 
veins or replace the dolomite always in the same order. A care- 
ful study of the district gave only the following order: (1) 
quartz, (2) pyrite or marcasite; (3) galena and sphalerite, (4) 
barite. It is improbable that solutions would always dissolve the 
same mineral at the same time and have it ready to deposit in the 
vein when the preceding mineral had been deposited. There is 
no overlapping of any of these minerals. The galena and sphal- 
erite are simultaneous, but otherwise there is an interval of time 
between the minerals. 

When the factors in the concentration of the barite are con- 
sidered in connection with the facts regarding the source, accu- 
mulation, and order of deposition of the associated minerals, the 
correctness of the theory that barite deposits have been derived 
from the surroimding rocks appears to be rather tmlikely. 

DEPOSITION BY RISING SOLUTIONS 

The view that the barite was deposited by rising solutions, 
probably derived from igneous rocks below, may also be applied 
to these deposits. Such solutions should be considered as 
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hot, altho the temperature would probably be less than 200' C, 
since deposition took place near the surface. 

Most of the ore deposits of the western United States that 
were deposited at intermediate and shallow depths contain barite 
as one of the gangue minerals. This is true of mineral veins of 
this type all over the world. In many instances it is so abundant 
as to give rise to solid veins of barite, as at Aspen, Colorado, and 
the baritic veins in the Freiberg district in Germany. These 
baritic veins may become so rich that they are worked for barite 
alone, as, for example, in the Erzgebirge in Saxony. In other 
cases it is a very common gangue mineral. These facts show 
that barite is a mineral of deep-seated origin in a great many in- 
stances. This fact is of even greater significance for it proves 
that the sulfate radical exists in hot solutions. 

Not only is barite found as a gangue mineral in mineral de- 
posits at various depths, but it it found as a constituent of 
several hot spring deposits. Furthermore, it is associated with 
radio-active substances in some of these hot spring deposits. 
This last fact is of note in connection with Boltwood's' sugges- 
tion that barium may be derived from actinium as an end product. 

The discussion of the deposition of the barite by rising hot 
solutions includes a study of the mode of occurrence of the de- 
posits, the mode of egress of the solutions, the source of the 
solutions, and the time of mineralization, with the presentation 
of corroborative evidence. 

Mode of occurrence of the deposits 

The description of the barite deposits above has presented 
the features in full, but they can be reviewed here as it is essential 
to keep the facts of occurrence in mind. 

The barite is found in veins, as replacement stringers at- 
tached to the veins, as disseminated deposits which are in part 
filling and in part replacements, as cave deposits which are pri- 
marily filling, and as residual deposits. The residual deposits 
do not need to be considered here, except in so far as retained 
features from the original deposits are evidence of previous con- 
ditions. 

*Boltwood, B. B., Amer. Jour. Sci^ vd. Z^ p. 257. 1906. 
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In th£ Other types two domtxiant processes are evident ; simple 
cavity fiUtng and replacement. The former may appear in all 
sorts of open spaces, but maii^ in fissures, shriodcage cavities, 
or sohition cavities. Rq)lacement is found to be associated with 
9H these types of openings. 

Carnty filling. — The cavities originated in several ways. The 
numetxms smaU openings in the dolomite are original sedimentary 
features due to shrinkage in volume when the dolomite was 
formed on At sea bottom, and to a less extent during recrystaifi- 
2ation. Most of these small openings are lined with dolomite 
or quartz crystals, tho the f is«ires due to shrinkage are only 
rarely lined with these minerals. 

The larger fissures, joints, and fractures are also due in part 
to this recrystallization, as it causes a decrease in volume and the 
stresses so set up would find relief in movements which would 
produce ^uch openings. They are also in part due to deforma- 
tiO0. It is the latter that has caused the major joints, fissures, 
and Caults, and the former process that produced tiie numerous 
small irregular fractures. It is to be expected that these smaller 
openings would be less persistent than those produced by defor- 
mation because the forces involved are less intense. 

The solution cavities were formed after the region had been 
uplifted above sea level and probably during the periods of ero- 
fiioo now represented by unconfcmnities. According to Ulrich 
there is one after the Poto« period and another at the top of the 
Proctor formation. While no evidence as to the upper uncon- 
formity coukl be found in this district, some evidence suggestive 
of one between the Proctor and the Potosi formations was ob- 
twied and it is believed that both unconformities are present. 
The solaAtion cavities were probably developed while the forma- 
tions were exposed. The caves filled with sand and chert were 
probably formed at this time and also the various other solution 
cavities. Some of these contained broken blocks of dolomite, 
and less commonly, fragments of drusy quartz and chert, show- 
ing that these minerals were in existence before the uplift and 
erosion. The quartz crystals in the sand were derived from the 
Potosi dolomite. This is further evidence that the quartz and 
chert antedated the deposition of the barite. 
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Order of filling, — ^The barite appears with or without 
quartz. The deposits in the Proctor dolomite are without quartz, 
and it is absent from many of those in the Potosi dolomite also. 

The solutions deposited pyrite or marcasite, first; on the 
dolomite as a rule, but on the drusy quartz if any was present. 
This was followed by the deposition of sphalerite and galena, 
always contemporaneously if both are present, but either may be 
found alone. In the Central district chalcopyrite might have been 
deposited at this time, altho it is of no importance in any of the 
deposits. The barite follows the others. If all the preceding 
minerals are missing, which is not uncommon, the barite is de- 
posited on the dolomite. In either case very irr^ular contacts 
with the dolomite may result. Possibly there are two generations 
of barite, but of this there is no certainty. A slight overlapping 
was observed between the barite and the chalcopyrite, the latter 
having been deposited near the close of the mineralization period. 
The group of minerals typical of these deposits is a conmion one. 
It is found in many deposits in other regions, where the order of 
deposition is commonly the same as that above, but this depends 
upon the depth, the temperature, the solutions, and other variable 
factors. 

Replacement — ^The very irregular contact of the barite with 
the dolomite in the disseminated deposits is evidence of replace- 
ment. In a few instances the barite had replaced the dolomite 
between the areas of pyrite, where the latter had not completely 
covered the vein walls. Thus the barite partly enclosed the 
pyrite. The boundaries of these masses present the concavo- 
convex surfaces which Irving* cites as evidence of replacement. 
The niunerous stringers connected with the veins are also evi- 
dence of replacement as they run out in all directions and do not 
follow joints, cracks, or other openings. They usually pinch out 
at a distance of from a few inches to two or three feet The 
Potosi and the Proctor formations show no evidence of being dif- 
ferently adapted to replacement. Replacement does not appear 
to be very important in the Central district, where cave or fis- 
sure filling predominates. 

•Irvinif, J. D., "Replacement Ore-bodies," Econ. Gcol.. vol. 8, p. 649 
1911. 
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If the mineralizing solutions came from below, they must 
have had some way of reaching the formations. The barite is 
practically restricted to the upper part of the Potosi dolomite and 
to the lower part of the Proctor formation. 

Evidence that the Potosi dolomite was uplifted, faulted, and 
eroded before the deposition of the Proctor dolomite (and Emi- 
nence), and that at the close of the Proctor there was another 
period of erosion has been given above. These intervals during 
which the region was land favored the development of the solu- 
tion cavities found in these formations. 

The faults are believed to have furnished the channels along 
which the mineralizing solutions rose, and since they were con- 
fined to the Potosi formation, the solutions were unable to rise 
further because of the overyling impermeable Proctor forma- 
tion, and were thus forced to spread out along the contact of the 
two formations. Here they availed themselves of the open spaces 
afforded by the drusy quartz masses and the other openings in 
the dolomite as well as the larger solution cavities. The latter 
furnished channels along which they might pass to reach the 
smaller fissures and openings, as well as a place for deposition. 
The major deposition occurred in the Potosi formation since it 
contains many more open spaces of all kinds. The veins were 
formed by replacement or filling of the fault planes and other 
fissures. 

That the deposition of the barite occurred before the last 
period of faulting is proved by the fact that the Elvins, where 
it is in fault contact with the Potosi dolomite, contains no barite. 
Deposits of barite are foimd in the Potosi dolomite within a few 
hundred feet of the fault, but no deposits are known to occur in 
the Elvins formation. 

Source of the solutions 

It is believed that the solutions which deposited the barite 
and associated minerals were derived from a deep source, pre- 
sumably igneous rock. If such were the case, the solutions were 
hot and contained in addition to the various metals, carbon 
dixoide, sulfate radical, hydrogen sulfide, and possibly chlorides. 
The only minerals present which are of any diagnostic value are 
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the barite and the marcasite. The former according to Lindgren 
and W. H. Emmons is characteristic of modem and shallow 
deposits. Descriptions of hundreds of deposits give proof of this 
conclusion. Marcasite, according to Allen, Crenshaw, and John- 
son/ is found only in shallow deposits and is formed at relatively 
low temperatures only. 

Therefore, deposition must have occurred relatively near the 
surface and may have been influenced by the mingling of the de- 
posited solutions with oxygen-bearing meteoric waters. The 
shallow depth is further evidenced by the occurrence of the de- ] 

posits in the soluticm cavities. The materials added during the 
process of replacement must have aided in changing the character 
of the solutions. That the last stages of deposition were charact- 
erized by an abundance of sulfuric acid or sulfates is proved by 
the large amount of barite then deposited. 

Time of mineraliMaiion 

The time of mineralization cannot be fixed because there are 
no formations younger than the Pennsylvanian system in asso- 
ciation with the rocks which contain the ore bodies. Even these 
beds are so high up and far from the border of the mineralized 
area that they do not add much to the determination of the time 
of mineralization. In the W'ashingtin County district the miner- 
alization rarely extends above the Proctor dolomite. In the Cen- 
tral district, however, deposits extend up into the Jefferson Gty 
formation, and possibly certain occu r rence s of lead and zinc in 
the Coal Measures can be included in this group. Those in the 
top of the Jefferson Gty formation are younger than Ordovi- 
cian. If the deposits in the Coal Measures belong to this grot^, 
the mineralization is later than the Paleozoic period. This con- 
clusion is doubtful. 

The mineralization occurred, then, in the interval following 
the Ordovidan, as the Jefferson Gty formation is of Ordovidan 
age. It is known that there were intrusions of igneous rocks 
later than these rocks in Missouri ; for example, the pegmatite 

'Alkn, P. T^ Crenshaw. T. L^ and Johnson, J^ 'Tht ^fineral Sol- 
fidcs of Iron* with a Crystallographk Study hy P. S. Larson," Am. Joor 
ScL. 4th ser^ ToL 33, pik 16^239. 191Z 
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dike in the southern part of the Central district. How much later 
this was intruded is unknown, but the writer suggests that the 
movement of the igneous material came during the deformation 
of the Cretaceous. If this is correct, the mineralization in the 
other district as well as that in the Central district can possibly 
be connected with this deformation. 

Corroborative evidence 

In the study of these deposits, many features have been de- 
termined which are not described in previously published accotmts 
of barite studies. These facts led to a careful search of the lit- 
erature to determine to what extent other deposits of barite be- 
longed to the class of deposits made by the concentration of the 
materials from the surrounding rocks, and to what extent they 
possessed the characteristics of those deposits known to owe 
their origin to igneous rocks. 

Mode of occurrence of barite in other deposits. Some of the 
points to be considered are the common mode of occurrence of ba- 
rite in those mineral veins where the origin is accepted as being 
due to deposition by hot solutions ascending from igneous rocks, 
its mineral associates in those deposits, and in what rocks they 
are found. As to the first point, barite is in practically every 
case among the very last of the gangue minerals to be deposited. 
The barite veins at Aspen, Colorado, are an exception, but Spurr* 
states that the usual order of mineral deposition is reversed at 
Aspen. The conditions there are abnormal. As an excellent ex- 
ample of barites having been deposited last, the Freiberg de- 
posits may be cited. There the third and yoimgest series of veins 
are baritic. As a rule, the recognition of the order of deposition 
of the minerals in a given deposit is rather difficult, especially 
where deposition was rapid and the minerals overlap, or where 
periods of deposition occurred. This is responsible for the com- 
mon, indefinite statement that certain minerals were among the 
last to crystallize. 

In most mineral deposits the mineral associates of barite in- 
variably include galena, sphalerite, and pyrite, while quartz, flu- 
orite, calcite, dolomite, siderite, rhodocrosite, marcasite, and 

'Spurr, J. £., Econ. GeoL, vol. 4, p. 301. 1909. 
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chalcopyrite are very common. In special types of deposits other 
minerals occur. A tabulation of 26 Canadian barite deposits 
showed the following mineral associates. These dq>osits con- 
tained essentially die same minerals as listed above but not in the 
same abundance. 

Occurrcnoe 
indqx>sits 

Caldte 10 

Fluorite 6 

Hematite 6 

Galena 3 

Quartz 2 

Copper ores 2 

Pyritc 2 

Sphalerite 1 

There is a marked similarity bttwtim tibe minenJogr of the 
Missouri deposits and that of the various ore deposits whidi odd- 
tain the metals. In this connection, tibe lade of barite in south- 
eastern Missouri deposits and its rare occurrences in the Joplin 
area and the Upper Mississi|^i Valley region are very striking. 

The rocks» in which mineral deposits cootaining barite as an 
abundant gangue mineral are found, indude all the types of ig- 
neous* metamorphic^ and sedbonentary rocks^ In the United 
States igneous rocks predominate in associatioo with Aose de- 
posits which contain the most barite as a gangue mineraL 

SitmUanty to sk^I^mc rtrut dtfc^sits. — L indgi e u has p r e - s en ted 
the data of sha!!c»w deposits made by asccncfing t**^^''*?! waters 
in genetic connection with igneous rocks in chapt er 22 in his 
"^Mineral rVpo$it5^** He pooits out that hot springs are known 
to deposit barite. He gi\-e$ several examples^ sodi as the hot 
springs at CaH$tud azni Tep'.r?. To these may be added the in- 
tere^tirg radioactive hot spring in Japan that b dqKKitiqg 
barium and lead sulfates fnxn a water whtch cootaiBS also free 
hydrwh oric acid.* Ahho cot hot springs, those de scrib e d by 
Hea\Jden* are inreresrl:*^ be^airse they are radioactrre and are 
depo«jr.ng a large arrocnt of harite. 
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Many saline springs deposit barite after their waters have 
mingled with sulfate waters. Examples of such springs are those 
at Qausthal, Germany, and the brines in the colliery at Notting- 
ham, England, described by Clowes.* 

The features cited by Lindgren as characteristic of shallow 
veins are (1) the filling of open fissure, (2) crustification, and 
(3) splitting and chambering in short irregular veins. Deposi- 
tion below impervious beds is often noted. Gold and silver de- 
posits are most common, but large deposits of lead and zinc are 
known. Base metal minerals are pyrite, occasionally marcasite, 
chalcopyrite, and rarely alabandite and arsenopyrite. Quartz is 
especially common, often as chalcedonic varieties; calcite, dolo- 
mite, barite, and fluorite are locally the abundant gangue miner- 
als, while siderite is rare. 

Recalling the descriptions of the Missouri barite deposits, it 
will be seen that they are remarkably similar to these veins, in 
structure, shape, and mineralogy. The greatest difference is 
that there are no visibly associated igneous rocks. This, how- 
ever, cannot be taken as proof that none exist below. The dike 
in the Central district proves that there has been movement 
among the underlying igneous rocks in geological times later than 
the deposition of the rocks enclosing the ore bodies. Other dikes 
later than the Cambrian rocks are known to occur in southeast- 
cm Missouri. That the Missouri ore deposits might be geneti- 
cally connected with igneous rocks, tho the latter are not visible, 
had been the writer's opinion ever since he began to study them 
in detail, and he was glad to see Professor Pirsson's suggestive 
communication in Economic Geology," since it indicated that 
others had the view that igneous activity does not need to mani- 
fest itself at the surface as dikes and lava flows to prove its pres- 
ence. 

It is interesting to note that some German investigators look 
upon the Missouri lead and zinc deposits as genetically connected 
with igneous rocks. Beck* says: 

"Clowes, F., "Bruics from Colliery, Nottingham, England," Proc. 
Roy. Soc., vol. 46, p. 538. 1889. 

•Pirsson, L. V.. Econ. Gcol., vol. 10, pp. 180-186. 1915. 
'Beck, R., "Nature of Ore Deposits," p. 550. 
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"The presence of barytes and fluorite, in fact the entire min- 
eral assemblage of the deposits, so closely resembling that of the 
genuine silver-lead veins of hydrothermal origin, indicates that 
the hydrothermal theory is the correct one, especially since it will 
hardly be proved that the zinc and lead contents of the limestone 
were not themselves introduced by subsequent infiltration." 

Source of the barium in rising solutions. — Clarke's average 
analyses of the igneous rocks shows .092 per cent of barium. 
When this is contrasted with the .00246 per cent, which is the 
average in the dolomite of southeastern Missouri, it is found that 
there is about 36 times as much barium available in the igneous 
rocks as there is in an equivalent mass of sediments. Furthermore, 
the high temperature and included solvents in the igneous solu- 
tions, assuming that they are similar to those found to have ex- 
isted in other deposits, would greatly facilitate the gathering to- 
gether of the barium in the igneous rocks before their consolida- 
tion. Likewise, the fact that barium rarely exists as a simple 
pyrogenetic silicate would seem to favor the belief that it is con- 
centrated into the magmatic solutions, to be carried upward with 
them when they are freed from the rock. Nearer the surface its 
great stability as a sulfate enables it to exist under a wide range 
of conditions, even at the surface. 

The writer believes that the barite veins of Missouri were 
deposited by waters derived from igneous rocks. 

Barite deposits of the United States. — As stated at the be- 
ginning of the discussion of the origin of barite, the commonly 
expressed opinion is that the barite in the Appalachian and the 
Missouri areas owes its origin to cencentration from the sur- 
rounding rocks. The writer wishes to present a short account of 
these various deposits with a statement of their mode of occur- 
rence and a designation of the associated rocks, because there is 
an interesting similarity in them, aside from the fact that all show 
about the same type of residual concentration. 

There are several important barite deposits in the United 
States. The states rank as follows in the importance of their 
production: Missouri, Tennessee, Georgia, North Carolina, Vir- 
ginia, South Carolina, Alabama, and Kentucky. In general it 
may be said that most of the production comes from residual de- 
posits, which were formed by the weathering of veins and re- 
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placement deposits in the underlying rocks. The deposits are 
connected with sedimentary, igneous, and metamorphic rocks. Of 
the first, limestone or dolomite is by far the most commonly as- 
sociated rock, altho some deposits are found in sandstone and 
quartzite. Except for those' in western Kentucky which are in 
Mississippian rocks and those in Triassic rocks in Virginia, the 
deposits are all found in Cambro-Ordovician dolomites or in the 
residual clay from them. Thruout the Appalachian region they 
are found in the Knox dolomite; Shanandoah, Beaver Stone 
River, and Trenton limestones; the Eden shale; or the Weisner 
quartzite. In Missouri, they are in the Potosi and Proctor dolo- 
mites principally, but also in the Ordovician formations immedi- 
ately above. In the western part of the United States, barite ap- 
pears commonly associated with igneous rocks. 

In Virginia, the deposits in Prince William County are in a 
series of Triassic sandstones, shales, and limestones. The barite 
is found as the cement of a breccia of shale and limestone. This 
breccia is apparently a fault breccia. Diabase dikes are fotmd 
within four miles of the deposits. In Bedford, Campbell, and 
Pittsylvania Counties, and also in several other counties in the 
Piedmont region, barite appears in veins and replacements of 
highly altered schists and other metamorphic rocks. Near these 
mines, dikes of basic rocks and granite are fotmd. The barite 
deposits of southwestern Virginia are in the same region as lead 
and zinc deposits and are associated mainly with the Knox dolo- 
mite. 

The deposits in eastern Tennessee are also found in the 
Knox dolomite. The workable deposits are residual, but possibly 
the veins have been found along fault zones. They are nearly 
vertical and are from one to six feet wide. The barite in Cooke 
County has been followed down for 150 feet. The descriptions 
of the deposits in the southern Appalachians are so meager that 
nothing is known of them beyond the fact that the workable de- 
posits are residual. Whether veins exist, or not, is not known. 

In North Carolina the deposits are largely a continuation of 
those in the Piedmont region in Virginia. Here the barite ap- 
pears entirely as veins in crystalline schists, gneisses, and gran- 
ites. The veins are strong and range from one to ten feet wide. 
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They consist of very pure barite. In Madison County, they ap- 
pear to be near a zone of faulting. 

Many minor deposits are found in Pennsylvania, New York, 
New Jersey, Maryland, and various other eastern states. It is 
well known that the lead, zinc, and flourite deposits of western 
Kentucky and southern Illinois contain barite. In some mines it 
is found in considerable quantities, altho this district produces 
little barite. These deposits are associated with igneous rocks, 
but the genetic relation of the deposits to the igneous rocks is not 
generally conceded. The deposits in central Kentucky are in 
veins which are inclined to the bedding of the formations. The 
veins are strong, tho found irregularly in the Ordovician lime- 
stone. They are lean in a shaly member. Fluorite, galena, and 
sphalerite are the associated minerals. 

H. S. Poole and C. H. Warren have described important ba- 
rite deposits at Five Islands, Nova Scotia, and at Lake Ainslie, 
the latter having been worked since 1890. The Five Islands de- 
posit is along a fault breccia and forms a large well-marked vein. 
The fault zone lies along the contact of a syenite and some folded 
Devonian slates and quartzites. The Lake Ainslie deposits are in 
several parallel veins cutting Pre-Cambrian felsite. They are 
quite persistent altho irregular along the strike, and they range 
from 7 to 10 feet in width. Poole suggests that the igneous rocks 
may have furnished the material. 

The western part of the United States has several minor de- 
posits of barite. One of the largest is near Wrangell, Alaska. 
Others are in California, Arizona, Idaho (10 miles northwest of 
Hailey), and Clark, Elko, Mineral, and Nye Cotmties, Nevada. 
The deposit near Wrangell, Alaska, is described by Burchard.* 
It is essentially an island about 75 feet wide and 250 feet long. 
The deposit is found in schists of various kinds. According to 
Hill^ a deposit of barite and witherite (the latter being in Ae 
deeper parts of the mine) has recently been opened near El Por- 
tal, Mariposa County, California. It appears as veins in sedi- 
mentary rocks for at least a mile east of the main mass of intru- 
sive granitic rock. This suggests a genetic relationship with the 

•Burchard, E. F.. Bull. 592, U. S. G. S., pp. 109-117. 1914. 
*Hill, J. M., Min. Res. U. S., pt 2, p. 64. 1914. 
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granite. E. L. Jones in the same report describes barite veins 
with a maximum width of three and one-half feet, 10 miles from 
Parker, Arizona. They are in basalt flows, tuffs and breccias 
and in some places in sandstones. The veins are not persistent 
along the strike and are of no prospective value. They are, how- 
ever, of interest in the general problem of the origin of barite de- 
posits. 

This summary of the main features of the barite deposits of 
this country shows that barite is found in veins, which are more 
or less persistent and not uncommonly very strong. The vein 
material is either pure barite, or barite with calcite, fluorite, and 
various sulfides, chief among which are galena, sphalerite, and 
pyrite. 

These veins are in many cases associated with faults or fault 
zones, a condition which suggests that the solutions fotmd egress 
from below. In other cases, there are replacement deposits in 
limestone. Igneous rocks exist in the neighborhood of some of 
these deposits. 

In the Piedmont region of the Appalachians, the barite is 
wholly in igneous and metamorphic rocks. In these cases, the 
conclusion that there is a genetic connection between them seems 
almost unavoidable. Similar deposits are found in the western 
United States, in some places wholly within the igneous rocks. 
Furthermore, many ore deposits of igneous origin contain barite 
as a gangue mineral. 

The important German deposits are wholly in veins which 
are directly connected with igneous rocks, and are believed by 
German scientists to have been deposited by magmatic waters. 

From the evidence, it seems to the writer that the formation 
of many of these deposits is readily explained by assuming that 
they are directly connected with igneous rocks from which the 
barite and associated minerals were derived. 

Conclusion as to origin 

Evidence has been presented to show that baritun is a widely 
disseminated element in all kinds of rocks, but that it is far more ^ « O^ 

abundant in igneous than in sedimentary rocks. A discussion of Qj^^-** 
the adequacy of ground water solutions to concentrate and bring 



J 



100 UNIVERSITY OF MISSOURI STUDIES 

about the deposition of the barite in Missouri led to the conclu- 
sion that such an origin is improbable. The mode of occurrence 
is also regarded as unfavorable to the hypothesis. 

A similar review of the possibilities of the barite's having 
been deposited at shallow depths by ascending heated waters of 
igneous origin seemed to be more favorable as an explanation of 
the origin for the following reasons: 

(a) The mineral association and paragenesis is more charac- 
teristic of veins of igneous origin than of those deposited by 
ground waters. 

(b) The confinement of the barite to essentially one hori- 
zon is more easily explained by its having been deposited by ris- 
ing solutions than by descending solutions. 

(c) The ability of rising heated solutions to transport bar- 
ium is much greater than that of descending solutions. 

(d) The igneous rocks afford an adequate source of the 
barium. 

(e) Barite is a common mineral in association with shal- 
low vein deposits, especially of lead and zinc. 

Furthermore, a review of the deposits of barite in other 
areas indicates that a large number of them show strong proof 
of igneous origin, which is merely corroborative evidence of the 
igneous origin of the Missouri barite deposits. 

ECONOMIC IMPORTANCE OF THE DEPOSITS 

Up to 1915, the Missouri deposits furnished more than 65 
per cent of the production of barite in the United States. The 
state's production amounted in 1914 to 33,317 tons, valued at 
$112,231, being an average value of $3.37 per ton. During 1915, 
there came a marked stimulation of the barium industry and a 
consequent rise in price. Consequently, the production of sev- 
eral states was increased materially, while that of the United 
States increased 100 per cent. Notable among these states were 
Georgia, Tennessee, and Kentucky. As a result, Missouri pro- 
duced only about 37 per cent of the total production of the 
United States in 1915. The total production for the United 
States in 1915 was 108,547 tons, valued at $381,032. Early in 
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1916, the price for crude barite reached a maximum of $6.20 a 
ton at the shipping points. It dropped to about $5.20 in June and 
b steady at about that price. As a result, Missouri's production 
wiU probably be larger than at any time in her history. Old dis- 
tricts are producing much more barite than normally and many 
new areas are making important productions for the first time, 
it is generally believed that this new stimulus will be lasting, es- 
pecially in view of the large demand for crude barite created by 
the new barium chemical industry. 

The barite is prepared either at the Point Milling and Manu- 
facturing Company's plant at Mineral Point, Missouri, in the 
midst of the producing area, or at the factories of Nielson, Klein 
and Co., Krausse Mfg. Co., or Finck Mining and Milling Co., all 
of St. Louis, Missouri. 

Mining. — ^The major part of the barite is obtained at an 
average depth of about four or five feet. Holes more than 10 
or 12 feet deep are rare, altho a few go down as far as 18 or 20 
feet. According to the miners, artificial ventilation is necessary 
in these deeper holes. 

The predominating method of mining is to sink a small pit, 
about 3 feet, 6 inches to 4 feet across, until the barite is reached, 
and then to widen out the bottom until the sides are undercut 
from 3 to 5 feet (PI. X.). If the barite is uniformly distributed, 
this width is carried to the bottom of the clay; if not, only the 
important parts are mined. As a rule, all the material associated 
with the barite is thrown out of the pits, altho some miners do 
not remove more than is absolutely necessary. The miner always 
tries to remove the barite in the area between the pits, and, thus, 
he finally succeeds in getting all there is on his lot, which is 
usually 60 feet square. Occasionally the undercutting or drift- 
ing is carried as much as 8 to 10 feet from the pit, especially 
when the pit is of windlass depth or greater. (PI. IX, B) In 
such cases drifting is easier than sinking another shaft These 
underground drifts frequently connect with adjacent shafts, 
thereby making possible the development of a good circulation of 
air. A fire or some heated stones are sometimes placed in the 
bottom of one shaft to produce an "up-cast", while the working 
pit becomes the "down-cast." Where the barite is at the surface, 
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Stripping is used. Hydraulic methods of concentration have been 
tried, but have been unsuccessful because sufficient water has 
not been available to remove the clay and other materials. It has 
been reported that a steam shovel has been unsuccessfully tried, 
but the writer has not learned at what place. In some of the old- 
est workings, as those near Potosi and Old Mines, the debris 
thrown back by the early lead miners is now being thoroly 
searched for barite. 

Preparation of the barite. — ^The miner usually spreads the 
freshly mined barite out on some boards or the ground. Here it 
is allowed to dry for a few hours to a few days. During this 
process, the very plastic clay shrinks and cracks to such an ex- 
tent as to be easily loosened from the barite. The barite is then 
put in a rattler and given a thoro shaking. This removes the 
clay and also screens the barite so that the small material, usually 
that which will pass thru a hole one inch in diameter, is separated 
from the coarser pieces. 

When the barite has quartz or limonite (or rarely pyrite) 
adhering to it, they are removed by hand with the aid of a small 
hatchet-like tool. Too much quartz and limonite adhering to the 
barite renders mining unprofitable. 

After cleaning the barite, it is placed in stock piles until it 
can be hauled away. Since the teams usually belong to farmers, 
this is when the farmer is relieved of his regular duties, altho 
some men haul the year arotmd. Thousands of tons accumulate 
in the stunmer at the local merchants' places of business, especi- 
ally at the country stores, where they take the barite in exchange 
for other commodities. The barite is hauled to the railroad in 
the slack seasons, as noted above. In winter, the roads are very 
bad and only small loads can be hauled. In one locality, the 
writer counted twelve nearly parallel roads, the result of attempts 
on the part of drivers to avoid the deep mud. 

The price for digging and hauling varies according to the 
distance from the railroads. Near Potosi, the miners were get- 
ting $4.00 a ton on company land, while on Hazel Creek, with 
about a 25-mile haul, the owner received from $1.50 to $1.75 per 
ton, the remainder going to the hauler. The rate for hauling 
from Richwoods to De Soto is $3.00 to $3.50 a ton. When the 
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distances were less and two loads a day could be hatiled, the rate 
was $1.50 to $1.75 and then the miner got more per ton as a re- 
sult. The average price per ton for Missouri barite is estimated 
at $6.27 by the U. S. Geological Survey. 

Royalties run from 50 cents to $1.00 per ton. A consider- 
able amount of "grandmaing" is done in some places. This is 
the local term applied when the miners work on property for 
which they are not paying a royalty. The most common practice 
is to pay so much a ton for mining and cleaning the barite. 

At the railroad, the barite is either shoveled into cars or 
piled on stock platforms. The miners near Mineral Point haul 
their product to the mill at that town. 

Treatment at the Point Milling and Manufacturing Com- 
pony's Mill. — ^The barite is first crushed to one-inch mesh and is 
then passed thru an automatic washer (on the plan of a log 
washer) in which the clay is removed. The material then passes 
thru screens, the coarser going to the granite grinders and the 
finer to tube mills. From there the material passes thru a classi- 
fier, the oversized pieces going back to the tube mill, and the un- 
dersized ones, that pass thru a 200-mesh screen, going to settling 
tanks where the excess water is removed. The sludge is then 
placed in lead-lined tanks and treated with sulfuric acid at a tem- 
perature of 212* F. to remove the iron stain which is always pres- 
ent on the barite that comes from the clay. The finely grotmd 
barite is then washed to remove the acid and then passes to the 
dryer and on to the packer. It is shipped in barrels and sacks. 
An ordinary flour barrel full of barite weighs about 700 pounds. 

Uses. — Barite has a very large variety of uses. In recent 
years, it has been coming into its own in various fields, as it was 
first necessary to overcome the belief that it was used as an 
adulterant. It was formerly thot to have been used not only in 
paints as a substitute for white lead and zinc oxide, but also as 
an adulterant in foods of various kinds. This belief has not yet 
been entirely eradicated. The series of experiments carried out 
by the scientific section of the Paint Manufacturers' Association 
of the United States, and the Institute of Industrial Research, 
proved that mixtures of white lead and zinc oxides with as mucli 
as 15 per cent of inert crystalline pigments, such as barite, silica, 
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or calcium carbonate, make a better paint thaui one consisting of 
white lead and zinc oxide alone. 

The following list of uses is as complete as the writer can 
make it: 

1. In pigments. 

2. In lithophone. 

3. As a base for colored pigments, 
a. Printers inks. 

b. Aniline dyes, etc., for postage stamps, etc. 

4. In putty. 

5. In rubber goods (to give weight). 

6. In linoleum (weight). 

7. In oilcloth. 

8. In cloth arotmd hams to keep air and insects out. 

9. In enamel, in pottery and porcelain manufacture. 

10. In jasper ware (abroad). 

11. In producing classic figures on wedgewood ware in 
North Staffordshire. 

12. In making chemical reagents. 

13. In enameling iron. 

14. In refining sugar especially beet sugar. 

15. In tanning leather (to give weight). 

16. In manufacture of hydrogen peroxide. 

17. In dressing calicoes. 

18. As a coating, to prevent aeration in the manufacture of 
gorgonzola cheese at Valsassina, Italy. 

19. In finishing wall paper. 

20. In pyrotechnics. 

21. In paper collars. 

22. In insecticides. 

23. In artificial ivory. 

24. In sealing wax. 

25. In artificial stone. 

26. In manufacture of alumina. 

27. In asbestos cement. 

28. In poker chips. 

29. In preparation of fertilizers (for weight). 

30. In boiler compotmds. 



THE BARITE DEPOSITS OF MISSOURI 105 

31. In artificial driftwood salts. 

32. In loading ropes. 

33. In dressing for surface of asphalt pavement. 

34. In filler for wood preservatives. 

35. In roofing. 

36. To give weight to paper. Since Bible paper has been 
introduced, it is used less. 

37. In various glasses, as rolled glass, hollow ware, crystal 
and table glass. Jena phosphate crown glass contains 
28 per cent of BaO and 60 per of P2O5. 

38. In manufacture of commercial chromegreen. 

39. Reported as used as an adulterant in flour, sugar and 
candy, especially certain French candies. 

This long list shows the many uses to which this material is 
put Many of these uses are merely to give weight to the product 
sold which is ordinarily light. Such cases are in the manufacture 
of paper, fabrics, rubber, insecticides, fertilizers, ropes, etc. In 
other instances, it is used because the mineral takes a color stain 
uniformly and this makes a small quantity of dye cover a large 
surface. Its use in the paint industry has been known for fifty 
years or more. Certain special paints contain large amounts of 
BaSO^, as the following : Venice white lead has 50 per cent ; 
Hamburg white lead has 66 per cent; Dutch white lead has 75 
per cent. Barium salts in glass increase the specific gravity, ten- 
acity, elasticity, and refractive index. 

Future of the harite industry of Missouri. — A statement as 
to the probable future production of barite in Missouri is so de- 
pendent upon the price of the mineral that these remarks are 
merely suggestive. If the price is maintained at its present high 
level, the production will increase in two different ways: (1) the 
older areas will be carefully searched for barite, and (2) the but- 
lying fields will send a large production to market. The future 
development of these outlying areas depends entirely on the 
market, or upon improved transportation facilities. At the pres- 
ent time, they are so far from the railroad that only the very 
highest prices will lead to their development. Should a railroad 
reach these fields, they would become very important producers, 
for many of them are as yet scarcely touched. 
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Higher prices, whether they come thru a growing scardty of 
the mineral, thru its increased use in the chemical industries, or 
thru the development of unsuspected uses, will cause more and 
more attention to be paid to deep mining, especially on the veins. 
This should also result in an improved grade of material. Much 
could be done to improve the present methods of digging. It is 
likely that only the larger vein and cave deposits will prove work- 
able, unless the price is high, altho associated metallic sulfides 
may also aid in making the smaller veins workable. At present, 
most of the barite produced outside of Missouri comes from 
veins and not from residual materials. 

The Hazel Creek, the Richwoods, and the Wilson Creek 
areas all contain ver}' valuable deposits awaiting development. 
In the Central district, there seems to be a probability that barite 
will be saved as a by-product in the deep mining of zinc Much 
good barite will be obtained from the circles and residual mate- 
rial there also. 

On the whole it seems that, altho the enormously rich resi- 
dual deposits which have been accumulating for a great period 
are only partially exhausted, the best areas are being rapidly 
worked out and search will go downward to obtain barite from 
the veins. At the same time, outlying areas may be expected to 
show an active production. The state, therefore, will probably 
continue to make a high production of barite for some time to 
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